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Tiffany, NOY. 


A recently developed vegetable A recent contribution of the Alva Flavors Laboratories. 
extraction provides a fullness and Not the usual vanillin-type of imitation flavor, Alvan 
roundness comparable to the finest achieves a full-bodied taste at an economical price for every 
pure bourbon vanilla extract in vanilla flavored food. 

Test this unusual new basic flavor! Production samples at 

your request along with suggested use recommendations. 

ly Aan Alvan is available in strengths comparable to 
1X, 2X, 4X, 6X, 8X, and 10X pure vanilla extracts. 
Alvan 4 fold is priced at $7.50 per gal (24 yals) 
van Ameringen-Haebler 
A DIVISION OF INTERNATIONAL FLAVORS & FRAGRANCES INC, lva 
521 West 57th Street, New York 19, New York 
Von, 
& —e CREATORS AND MANUFACTURERS IN THE WORLD OF FLAVOR : 
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how Sorbie gives fruit cake a longer lease on life 


Here’s a product that helps bakers lengthen the sell- 
ing life of fruit cakes. Inventories can be built up 
and shipped early without fear of spoilage losses, A 
major bakery, in tests on their fruit cake, found 
Sorbie gave better mold resistance than any other 
fungistat tested! 

Sorbic is unusually effective and safe to use at 
required levels in bakery products. It retards spoil- 
age caused by molds. Low concentrations of Sorbic 
are effective for long periods. Sorbic does not affect 


taste, aroma or appearance at effective levels. It is 
metabolized like shortening. You will find Sorbic 
easy to use and easy to store. And, it is available 
now. 

There are many proven successes with Sorbic in 
fruit cake. Now, you can lengthen the selling life of 
your product for the holiday season. For technical 
information and a sample, write Department B, 
Union Carbide Chemicals Company, 30 East 42nd 
Street, New York 17, N. Y. 


for a longer selling life... SORBIC 
UNION CARBIDE CHEMICALS COMPANY 


Division of Corporation 
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FOOD 
PROCESSING 
PROBLEM 


Sunkist technical advisers...over 400 different citrus 
products for industry...can help you solve it! 


SUNKIST KNOW-HOW produces the 
finest citrus products to be had. That 
same know-how —the backlog of 
more than 60 years experience—and 
those citrus products—over 400 of 
them—can help solve your food 
processing problem. 

Every course on the American menu 
has profited from Sunkist research or 


Exchange products. We’ve made a 
good condensed soup glorious by add- 
ing a few ounces of Exchange Lemon 
Juice to 100 gallons of it. We have 
stopped pies from “‘bleeding’’ by 
using Exchange Low Methoxy] Pectin 
in the filling. 

And between soup and dessert, 
we've devised enough manufactur- 


EXCHANGE BRAND CITRUS PRODUCTS widely used by leading food 
processors include: Lemon Jwice...Orange Juice...Orange Oil... 
Lemon Oil... Frozen Orange Puree... Frozen Lemon Puree... 
Preserver’s Pectin... Low Methoxyl Pectin. 
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ing processes for the benefit of the 
American focd processor to get Sun- 
kist 118 separate U.S. patents! 

Sunkist technical experts will be 
glad to work with you —in your own 
plant—or for you—in their own citrus 
research department. Write—or, if 
it’s urgent, telephone —and a Sunkist 
man will call on you. 


Sunkist Growers 


PRODUCTS SALES DEPARTMENT + ONTARIO, CALIF, 
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IN THIS ISSUE-— 


THE TECHNICAL ARTICLES IN BRIEF 


Freezing technology Ready-to-cook chicken 


Time-temperature tolerance of frozen foods. XIX. Ready- 
to-cook cut-up chicken. A. A. Klose, M. F. Pool, A. A. 
Campbell, and H. L. Hanson. 


Frozen-storage tests were carried out on 2 commercial 
packs of cut-up chicken fryers differing in type and ade- 
quacy of package, one experimental pack of cut-up fryers 
in tin cans, and one commercial pack of ecut-up stewing 
chickens, Evaluations were made of moisture loss, peroxide 
development, off odors in raw meat, and off flavors in 
cooked product. Slight off odor in thawed raw meat was 
the first quality defect detectable, followed by off flavors 
in cooked products. Chickens from all packaging condi- 
tions had a high-quality storage life of at least 6 months at 
0° F. However, there were large differences in stability 
between the 2 commercial packs of fryers. They were to a 
great extent reflections of the large difference in package 
permeability. Chickens in the more permeable package 
had less than one-third the storage life of chickens in the 
less permeable package. Stewing hens held in a package 
of permeability intermediate between that of the 2 fryer 
packages had a corresponding intermediate storage life. 
Peroxide development in fat of stewing hens was correlated 
with the level of organoleptic deterioration. A storage test 
of eut-up fryers in tin cans with controlled atmospheres 
was used to establish independently the deteriorative effects 
of oxygen (air) availability and moisture loss. Moisture 
loss in itself was found to have little effect on organoleptic 
deterioration or chemical changes involving oxygen con- 
sumption. Access to oxygen of the air, on the other hand, 
contributed as much to rate of deterioration as a substan- 
tial rise in temperature. Appreciable deterioration and 
carbon dioxide production in nitrogen packs indicated that 
anaerobic reactions are also involved, Tests at +20°, +10°, 
0°, —10°, and —30° F. provided evidence to support a ree- 
ommendation for storage at 0° F. or below. Storage life at 
+20° F. ranged from less than one month to 6 months for 
the various packaging conditions, at +10° F. from 3 to 10 
months, while at 0° F. storage life was at least 6 months in 
the poorest package and about 2 years in the best package. 
Within reasonable storage periods, a series of temperature 
fluctuations had practically the same (only slightly greater) 
deteriorative effect on quality as a steady temperature equal 
to the arithmetic mean of all of the fluctuations. The re- 
sults emphasize that statements on storage life, to have 
real value, must accurately define the intimate product en- 
vironment as governed by packaging as well as by tem- 
perature conditions. (See page 477). 


Antibiotic treatment French-fry potatoes 


Control of exudation in prepeeled French-Fry potatoes 
with antibiotics. F. J. Francis, B. L. Amla, and A. 
Kiratsous. 

The exudation of liquid from prepeeled potatoes on storage 
is undesirable because it reduces the shelf life of the 
product and produces an unsightly and unsanitary appear- 
ance, It can be minimized by adding 10 p.p.m. of oxytetra- 
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cycline or chlortetracyeline to the sulphite dipping solution 
for Frenech-Fry style strips packed in polyethylene bags. 
Five p.p.m. of either antibiotic was effective for French- 
Fry strips in Cryovae bags. Both antibiotics were equally 
effective at 38° F. and at 50° F. but the shelf life was much 
shorter at the higher temperature. Oxytetracycline was 
effective in reducing exudation and extending shelf life 
even with potato strips inoculated with spoilage organisms 
from a previous pack. Oxytetracycline also exerted a 
protective effect as shown by lower alcohol content and 
firmer potatoes when the strips had undergone some chemi- 
cal injury due to treatment with an excess of sulphite and 
phytie acid or caleium phytate. (See page 485). 


Dill pickles 


Effect of sugar, storage time and temperature on dill 
pickle quai:ty. Rose Marie Panghorn, Reese H. Vaughn, 
George K. York II, and Marlene Estelle. 


Quality evaluation 


Quality changes in dill pickles as influenced by sugar, stor- 
age time, and temperature were considered. Genuine dill 
pickles varying in sugar content (0, 2, and 4% sucrose) 
were stored at 34, 70, 86, and 98° F., then evaluated after 
“0”, 4, 8, 16, and 32 weeks. The sample containing 2% 
sugar was the most desirable in flavor, texture, color, and 
over-all acceptability. The data suggest that sugar served 
to protect the pickles against adverse color changes which 
oceurred at the lower temperatures of storage. The pickles 
softened considerably with increasing time and tempera- 
ture of storage except when maintained at the two lowest 
temperatures. Refrigeration temperature (34° F.), how- 
ever, caused an undesirable color development which had 
an inverse relationship to softening, suggesting that 
apparent color changes were alterations in cellular strue- 
ture rather than change in hue. Temperatures of 70° and 
86° F. resulted in smaller quality changes than did tem- 
peratures of 34° and 98° F. The lowest quality was ob- 
served after 16 weeks of storage with little subsequent 
deterioration. There were no significant effeets of added 
sugar, time, or temperature of storage upon the total 
acidity, pH, salt content, or vacuum of the eapped jars. 
Good positive correlation between shear-press values and 
texture scores was obtained. (See page 489). 


September Cover. The cover for September presents a 
mosaic of candid photographs of various IFT meetings. 
A, upper left, records photographieally the reactions of 
an audience at a Regional Section meeting, specifically, 
the discussion period. In B the speaker of the evening is 
warming up to his topic. C gives a glimpse of the Awards 
Banquet, Philadelphia Annual Meeting. In D a Regional 
Section audience evaluates the remarks of the speaker. 
E portrays a joint meeting of two Regional Sections 


gathered for a plant tour (Hormel’s) and an outing. 
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flavor problem. Cali. Kohnstamm. 
They’ve been contig ith an swers: 
in these fields former 100 years. 
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First producers of certified colors KOMNSTAMM & COMPANY, INC. Established 1851 


161 Avenue of the Americas, New York 13, WAtkins 9-7000 / 11-13 E. Illinois St., Chicago 11, SUperior 7-6174 
2632 E. 54 St., Huntington Pk., Calif., LUdlow 5-1226 / in other cities consult the “Yellow Pages” 
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Correlation of subjective Beef quality 


and objective tests 


Interrelationships of subjective, chemical, and sensory 
evaluations of beef quality. D. H. Kropf and R. L. Graf. 


The interrelationships of various subjective, chemical, and 
sensory evaluations of beef quality were studied to deter- 
mine which factors are most closely related to final eating 
qualities. Three hundred and thirty-four beef carcasses 
representing a wide range of grades, classes, and carcass 
weights were used. As the beef animal matured, a pro- 
nounced tendency existed for careass lean muscle to be- 
come more coarse textured and darker colored. A greater 
round index (ratio of circumference to length of round) 
was closely related to a higher degree of finish (fat covering 
or feathering) and through these factors also related to 
tenderness. Fat covering was closely related to marbling, 
lean firmness, color of lean, tenderness, flavor and ether 
extract of the loin eye. Sensory preference had a correla- 
tion coefficient of .53 (significant at 5% level) to tenderness 
and correlation coefficients of 43 and .17 (non-significant 
at 5% level) to sensory flavor and juiciness, respectively. 
Preference was also significantly related to carcass length 
and weight. Tenderness of lean increased as external and 
internal finish increased and as lean became firmer. Juici- 
ness had a significant correlation coefficient of .54 to sen- 
sory tenderness. Mechanical shear values were highly 
related to sensory tenderness and appeared to be more 
sensitive as a measure of tenderness. Subjective marbling 
seore vs. ether extract of the loin eye showed a significant 
correlation coefficient of .74. Water loss and hydroxy- 
proline content were not significantly related to any sub- 


jective and sensory evaluations in this study. (See page 
492). 
Standard grading method Pectin 


Pectin standardization. Final report of the IFT com- 
mittee on pectin standardization. (Members are listed in 
the article.) 


Historical background, brief summary of the Committee’s 
work, a proposed standard procedure for grade evaluation 
of pectins, designated Method 5-54 of the IFT Committee 
on Pectin Standardization are the main phases of this 
article. Pertinent literature is cited. (See page 496). 


Radiation preservation Raw beef 


Some factors influencing irradiation induced chemical 
changes in raw beef. ©. F. Batzer, R. A. Sliwinski, Lucy 
Chang, Katherine Pih, J. B. Fox, Jr., and D. M. Doty. 


When hot melt, diacetin fat, and agar with added plas- 
ticizer were used as coating materials for fresh meats, 
mierobial proliferation was retarded, The hot melt and the 
modified fat prevented desiccation but meats protected with 
these coatings had undesirable color. A layer of plasticized 
agar did not prevent excessive drying unless the meats were 
also overwrapped with film. Incorporation of chlortetra- 
eyeline into Pliofilm delayed microbial growth and main- 
tained desired surface color of meat for a longer period 
of time than did the film alone. An inverse relation was 
shown between keeping time and temperature of storage. 
At 5° C., packaged steak wrapped in film containing 0.4 
part CTC/100 parts rubber hydroehloride did not develop 
off odor until 2 days after the control meat had shown 
similar signs of spoilage. Numbers of organisms prolifer- 
ating on meat wrapped in CTC treated Pliofilm were in- 
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variably less than those on meats packaged in the control 
film. Temperature of storage of plates had only minor 
influence on microbial recoveries. Reflectance readings at 
580 mp and 635 my indicated a 2-day lag in discoloration 
for meat packaged in film impregnated with CTC. Studies 
with film containing smaller amounts of CTC in the rubber 
hydrochloride base also indicated less rapid microbial pro- 
liferation and less discoloration than did the control pack- 
ages. Maximum-minimum reflectance readings at 580 and 
635 mp for oxymyoglobin and metmyoglobin respectively 
were not found until bacterial populations had caused off 
odor. (See page 501). 


Minimum level of 
sodium chloride 


The influence of sodium chloride on toxin production and 
organoleptic breakdown in perishable cured meat inocu- 
lated with Clostridium botulinum. Richard A. Greenberg, 
John H. Silliker, and Louis D. Fatta. 


The minimum level of sodium chloride capable of prevent- 
ing toxin production in perishable meat was studied. Toxin 
formation by Cl. betulinum was observed in inoculated 
perishable cured meat with no accompanying organoleptic 
degradation of the product. This occurred in product con- 
taining 6.25, 7.09 and 7.12% brine. A batch of 14% lb. ham 
pieces, cured to comply with existent safety standards 
(55% brine minimum) showed wide variance when 
analyzed at termination of cure. Forty-nine per cent of 
the lot contained brine in the 6.10-8.35% range. Market- 
ing of a perishable product, the mishandling of which could 
result in Cl]. botulinum toxin formation without warning 
to the consumer, could constitute a public health hazard. 
The data suggest that in a perishable cured product the 
level of salt must be within the range wherein botulism 
toxin formation is attended by obvious organoleptic break- 
down (below 6.25% brine). Alternatively the salt level 
may be such that toxin formation is inhibited (about 9%). 
(See page 509). 


Curing of meat 


CTC impregnated films 
for fresh beef 
Use of coating material or film impregnated with chlor- 


tetracycline to enhance color and storage life of fresh beef. 
John C. Ayres. 


Packaging 


Use of coating materials or films infused wih antibioties 
may have important significance for the meat industry since 
most of the organisms are confined to the surface and most 
spoilage problems are surface phenomena. Also, by con- 
ventional methods of cookery, meat usually receives ade- 
quate heat treatment to inactivate antibiotic residues at the 
surface. This article reports research undertaken to de- 
termine if the storage life of sliced fresh meats could be 
prolonged by incorporating an antibiotic into a coating 
material or a packaging film. When Experimental Resin 
X-2203.6, hydrogenated diacetins, and agar with added 
plasticizer were used as coating materials for fresh meats, 
microbial proliferation was retarded. The hot-melt resin 
and the hydrogenated diacetins prevented desiccation but 
meats protected with these coatings had undesirable color. 
A layer of plasticized agar did not prevent excessive drying 
unless the meats were also overwrapped with film. Incor- 
poration of chlevtetracyeline into Pliofilm delayed microbial 
growth and maintained desired surface color of meat for a 
longer period of time than did the film alone. Maximum- 
minimum reflectance readings at 580 and 635 my for oxy- 
myoglobin and metmyoglobin, respectively, were found at 
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about the same time that bacterial populations caused off 
odor, (See page 512). 


Consumer preference Beef of different breeds 


Consumer preferences for beef of different breeds related 
to carcass and to quality grades. Marilyn Dunsing. 


Preference evaluations of a consumer household panel for 
steers differing in breed and grade were obtained. These 
evaluations were grouped for analysis on the basis of both 
eareass grade and quality grade. Analysis of the data indi- 
cated that preferences were more closely related to quality 
than to eareass grade. Visual preferences did not appear 
to be related to breed except for color, a preference being 
indicated for the darker-coior steaks of the Holstein. 
Eating preferences were significantly related to breed and 
grade. The quality grade grouping, however, gave a better 
indication of the effects both of breed and of grade than 
did the careass grade grouping. For the two groupings, 
eating preferences of panel members tended to be reversed 
for the wholesale cuts; they were in favor of Holsteins for 
steaks from the short loin eut and of Herefords for those 
from the sirloin cut. Average differences between breed 
ratings for the over-all preference categories indicated 
that for Herefords the degree of preference was highest 
for tenderness; for Holsteins it was highest for taste. (See 


page 516). 


Chlortetracycline 
residues in meat 


Effect of storage and of cooking on chlortetracycline 
residues in meat. Ofelia I. Escanilla, Agnes Frances Car- 
lin and John C. Ayres. 


To determine the residual CTC in meat after storage and 
after cooking, ground beef was treated with CTC to con- 
tain 1.7, 5.0 or 15.0 pg./g. of the antibiotic. After about 
28 hours at 42 + 2° F., the residual CTC in the raw meat 
was about 66% of the antibiotic originally added to the 
meat. CTC residues in the cooked ground meat decreased 
as the final internal temperature was increased. Residues 
of CTC at any given temperature were a direct function of 
the initial concentration in the raw ground meat. The re- 
sults also indicated that residual CTC in cooked meat pat- 
ties was a logarithmic function of the internal temperature 
at the end of eooking. In frankfurters, the greatest loss 
of CTC occurred during the commercial processing in the 
packing plant. Only about 15% of the CTC added in the 
meat emulsion (15, 30 or 45 yg./g.) was detected in the raw 
frankfurters. After cooking the frankfurters in boiling 
water to 181° F., the CTC concentration was reduced 
approximately 50%. Thus processing and cooking resulted 
in a total inactivation of 85-95% of the CTC in frank- 
furters. Regardless of treatment level of CTC or the tem- 
perature attained during cooking, the antibiotic in the meat 
was not reduced to undetectable amounts. (See page 520). 


Antibiotic treatment 


Prolonged storage Strawberry preserves 
(43 years) 

The effect of forty-three years of storage on strawberry 
preserves. G. FE. Livingston and Chee Teck Tan. 

A sample of home-made strawberry preserves packed in 
1915 by a lady in Sutton, Mass. and stored in a dry cellar 
for 43 years was examined. Data indicated that short-term 
high-temperature storage (100° F.) to simulate chemical 


ehanges occurring in preserves over extended storage at 
room temperatures is justified. Flavor changes under such 
accelerated conditions may not parallel those of long-term 
storage. (See page 525). 


Packaging Partially baked rolls 


Light destruction of riboflavin in partially baked rolls. 
Lois Carter Stephens and Marian Faulkner Chastain. 


Yellow and orange colored cellophanes were tested for 
effectiveness in reducing photolysis of riboflavin in par- 
tially-baked rolls. Both wraps resulted in increased ribo- 
flavin retention as compared to clear cellophane-wrapped 
controls. The orange cellophane afforded greater protection 
than did the yellow. However, losses of riboflavin were 
small even in the control samples. It is not likely that the 
amount of riboflavin lost in partially-baked rolls is of 
nutritional importance, (See page 527). 


Antibiotics Application to beef 


A comparison of the methods for applying Acronize* chlor- 
tetracycline to beef. M. C. Firman, H. J. Bachmann, F. J. 
Heyrich, and P. F. Hopper. 


Effectiveness of chlortetracycline for extending the shelf 
life of beef was demonstrated and various methods for 
applying the antibiotic were compared for such use. The 
ability of the antibiotic to prolong the salability of beef 
was dependent upon its level in the meat and that level was, 
in turn, related to the application method. At the amounts 
used, chlortetracycline was most satisfactory when adminis- 
tered by both an intravenous injection to the live animal 
immediately before slaughter, and as a spray immediately 
after slaughter. In order of decreasing effectiveness were 
the injection, the spray, and finally the treated cellophane 
methods of application. (See page 529). 


* The trademark of American Cyanamid Company for the food grade 
of chlortetracycline is Acronize. 


Freezing technology Broilers 


Prevention of darkening in frozen broilers. Cordelia Ellis 
and J. G. Woodroof. 


Darkening of meat near thigh and leg bones of young 
chickens during freezing, thawing, and cooking detracts 
from the appearance of the product. The kind of feed, 
methods of bleeding, rate of chilling, and time in frozen 
storage had little or no influence on meat darkening. How- 
ever, meat discoloration was prevented by heating the 
chicken parts to an internal temperature of 180° F., before 
freezing. This was accomplished, in order of preference, 
by heating with microwaves, steam at 10 pounds pressure, 
steam at atmospheric pressure, radiant heat oven at 350° F., 
or deep fat at 350° F. Heating with microwaves was highly 
effective, required 2 to 3 minutes, and resulted in 18.6% 
weight loss; heating with steam pressure was also effective 
required 5 minutes and resulted in 16.5% weight loss. 
Other methods were slightly less desirable. Meat and bone 
darkening was increased by allowing the chicken to com- 
pletely thaw before beginning cooking. Chicken preheated 
with microwaves (4 or 5 pieces at one time) for more than 
3 minutes, or with radiant heat for more than 25 minutes, 
then wrapped individually in aluminum foil, and held 2 
years at 0° F., was stale and rancid. The larger pieces 
retained flavor and freshness much better than the smaller 
pieces. (See page 533). 
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Tue of Haiti oceupies 
10,000 square miles of the western part of the island 
of Hispaniola. The terrain is quite mountainous. The 
plains area suitable for intensive agriculture accounts 
for about 10% of the total area of Haiti. The approxi- 
imately 4,000,000 inhabitants are 90% rural, 90% 
illiterate, and 90% very poor. 

During June of 1958, a nutrition survey team, 
sponsored by the Williams-Waterman Fund of New 
York, and headed by Dr. W. H. Sebrell, Jr., made a 
study of the nutritional status of the civilian popula- 
tion of Haiti, with the ultimate objective of being able 
to furnish recommendations to the Haitian Govern- 
ment for a  nutrition-betterment program. The 
methods used were those adopted from the Manual 
for Nutrition Surveys, developed by the Interdepart- 
mental Committee on Nutrition for National Defense, 
U. S. Government. The manual calls for a food tech- 
nologist to be on the team in order to gauge the 
present status of food technology in the country to be 
studied, and to help make recommendations with re- 
spect to changes which would benefit the populace. 
The following is a digest of some of the information 
which will appear in more detail in the complete 
report. 


Farming by hoe and machete 


Farming is primitive. There are few plows or trac- 
tors in Haiti, and these are confined to large estates 
on which sugar cane or sisal are grown. Most farmers 
have only a hoe and a machete. At the time of the 
survey there was practically no use of fertilizer, in- 
secticides, weed-killers, ete. A fertilizer plant is now 
planned. The people live mainly on cereal crops 
(corn, millet, rice), root crops (sweet potato, casava, 
yautia), plantain and beans. Many fruits grow wild. 
These, together with a variety of green leaves used in 
cooking, are a lifesaving factor in the nutritional 
picture. The amounts of meat, fish, eggs, and milk 
consumed are very limited. 

Food processing in the modern sense is non-existent. 
There are no canning, freezing, dehydration, or 
pickling plants. At one time it was thought that a 
pineapple-canning plant might profitably be oper- 
ated, but the project was dropped before the factory 
was fully constructed. 


Sugar 
Sugar cane is a principal crop and sugar can be 
exported to provide much needed funds. The 


10 


Food Technology in Haiti 


Harold S. Olcott 


Department of Food Science and 
Technology 
University of California, Berkeley, 
California 


and 

Gabriel Nicolas 
Department of Agriculture, 
Damien, Haiti. 


Haitian-American Sugar Company (HASCO), Port- 
au-Prince, has a mill with a capacity for producing 
up to 75,000 tons of sugar annually. Production 
varies, depending upon the availability of cane. 
About 40,000 tons of this sugar is consumed in Haiti. 
Surpluses are exported. Thus in 1955-56, 36,000 tons 
of crude sugar were exported ; 32% to Japan, 25% to 
the United Kingdom, and the rest to the United 
States, Belgium, and Korea. Molasses is disposed of 
by export. Production of this company for Haitian 
use is distributed as refined sugar, about 22%, and 
the rest as ‘‘sucre populaire,’’ which is about 97% 
sucrose. The two sell at present for about 8 and 6 
cents per pound, respectively. Small sugar processors 
operate at Cap-Haitien and Cayes. The production 
of these plants is estimated at 1,500—3,000 tons an- 
nually, but the capacity of the latter is 20,000—30,000 
tons. Lack of available cane and the low sugar con- 
tent of the local crop account in part for the small 
production of the Cayes mill. At present this produc- 
tion seems to be growing. There are plans for building 
two new sugar mills in the Artibonite Valley, where 
the introduction of cane may follow the development 
of new irrigation projects, as spurred by the comple- 
tion of the dam at the head of the Artibonite Valley. 
Based on estimates that the mills absorb only about 
one-half of the cane grown in Haiti, that most of the 
rest is crushed to juice, and that half of this is used 
to make edible sugar products (‘‘sirop’’ and ‘‘rapa- 
dou’’), it may be calculated that the annual per capita 
consumption of sugar from cane is 30 to 40 pounds. 
This is considerably less than the 100 or more pounds 
of sugar per capita consumption of some of the more 
highly developed countries. 


Cottonseed oil 


Two companies divide about equally the manufac- 
ture of cottonseed oil. These are Huilerie Nationale, 
S. A., and 8. A. Usine a Manteque de Port-au-Prince, 
both at Port-au-Prince. These mills are equipped with 
conventional gins, cookers, and presses and were oper- 
ated at or near capacity when cotton production was 
high. This has, however, been gradually falling dur- 
ing the past 20 vears, due in part to the encroachment 
of the boll weevil and in part to lack of incentive of 
the grower to take care of or to reap his crop. The 
local cotton plant is a perennial (Gossypium barba- 
dense). The production of cottonseed has thus fallen 
from about 14,000 tons to about 3,500 tons annually. 
The Haitian requirements for edible oils are met by 
the importation of lard, crude soybean oil and smaller 


| 
; 
; 
| 
j 
he 
: 
We 
j 
ihe 


A complementary additive to vanilla flavors... 


GIVAUDAN’S 


NEVER 


Baked products faithfully retain their va- 
nilla odor, taste and flavor strength when 
Givaudan’s C. R. #8 is used as a fixative. 
Its resistance to high as well as low tem- 
peratures has been proved in actual use by 
the baking, candy and ice-cream industries. 
C. R. #8 is soluble in alcohol and propylene 
glycol. C. R. #12—a variation of C. R. #8 


BAKES OUT! 


321 West 44th Street, New York 36, N. Y. 


—is also soluble in vegetable oil. Both are 
coumarin-free. 


C. R. #8 is only one of Givaudan’s 
proved-in-use products. You can rely on 
Givaudan for custom-made or standard fla- 
vors that always meet your requirements. 
Samples and literature on request. 


; : 
| i 
&§ | 
=, | 
hal 
ia 
‘ i | 
Al 
‘ 
| 
j 
~ ily: 
Inc. 
4 


THE ONLY FULLY 
EM ULSIFIED 


INSTANT LiquiD 
STABILIZER 


| thousands of dollors. ou actually get an emulsifier 
. nal costs. Your emulsifier costs 


Product AMFOL AB process’ Patented 


cb 


é 

4 


vt LABORATORIES, ING. 


Y AVENUE. OOKLYN. 


Barrimone OF Cricaco 


FOOD TECHNOLOGY, SEPTEMBER, 1959 


amounts of other oils. In 1955-56, 3,600 tons of lard 
and 1,100 tons of soybean oil were received ; together 
with an estimated production of 500—-1,000 tons of 
local cottonseed oil, the total available processed fats 
and oils accounts for 5,000-6,000 tons. Thus, the 
average per capita consumption of processed oils and 
fats in Haiti is 2.5-3 pounds annually. The Haitian 
processors refine both their own cottonseed oil and the 
imported soybean oil. Imported hardened fat is used 
for the manufacture of a blended vegetable fat com- 
pound. There are no facilities for hydrogenation or 
solvent extraction of cottonseed cake. Perhaps one- 
third of the cake is used in Haiti as cattle feed or 
fertilizer, the rest is exported. 


Coffee—the mountain coffee grows wild 

Coffee is the most important single source of reve- 
nue to the government, comprising 65-80% of the 
value of total exports. About one-fifth of the crop is 
used locally and the rest, amounting in 1955-56 to 
about 34,000 tons (valued at $33,400,000) is exported. 
Drying and decortication are carried out by all tech- 
niques from the most primitive to the use of the best 
modern equipment. There are no large plants but a 
number of coffee driers and decorticators are scattered 
throughout the country. Much of the mountain coffee 
grows wild and untended, except for the few days 
when the owner harvests the berries. 


A small outlet for our wheat surplus 


A wheat flour mill, Caribbean Mills Company, Port- 
au-Prince, was erected in 1957-58 and began opera- 
tions in November, 1958, on imported wheat. Bread 
and other wheat products are popular foods, but 
wheat is not a satisfactory crop in Haiti. The require- 
ment for wheat flour has hitherto been met by im- 
portation, mostly from Canada and the United States. 
In 1956-57 this amounted to 37,000 tons (approxi- 
mately 20 pounds per capita annual consumption). 
An agreement with the Haitian Government required 
that as soon as the mill began operation, wheat but no 
wheat flour could be imported. The mill has a capacity 
to handle 270 tons of wheat daily and is expected to 
produce 350,000 pounds of high protein four. If it 
should operate three hundred days a year at this 
capacity, it will produce 52,000 tons of flour or 
approximately one-third greater amount than Haiti 
can absorb. It is planned to export this surplus to 
surrounding Caribbean Islands. Unless a market can 
be found in Haiti, the daily yield of 35 tons each of 
shorts and bran will be exported. No consideration 
has been given to a possible enrichment program. 


One-room rice mills 


A small clean rice milling plant is run by the 
ODVA (Organisme de Development de la Vallee de 
l’Artibonite) in the Artibonite Valley as a service to 
the rice growers of the area. In general, however, rice 
is milled at home in large wooden mortars or is taken 
to one-room mills in the villages. Most of the equip- 
ment in these small mills is of Hamburg origin. Some- 
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times rice is parboiled at home, for example, by heat- 
ing a large drum containing a small amount of water 
and filled with rough rice (about 50 pounds). After 
the rice is thoroughly steamed, it is spread on cement 
slabs to dry in the sun (Figure 1). The hardened 
kernels are valued because the yield during milling is 
greater. Increases in yield of as much as 20% are 
realized. There is no recognition of the nutritional 
benefits of parboiling. 


Figure 1. Drying of rice on a cement slab at Petit Reviere 
de 1’ Artibonite. 


Grinding corn 


Corn grinding equipment is similarly small and 
widely scattered. The peasants themselves sift the 
ground corn so that both flour and coarse meal of 
many different grades are offered in the local markets, 
a glimpse of which may be seen in the cut opposite the 
title of this article. 


Potstill products 


A large modern distillery and many primitive stills 
produce the alcoholic requirements. Yeast fermen- 
tation of concentrated cane juice or diluted cane 
molasses provides the raw material for these stills. 
Clairin (25-30% aleohol) and tafia (10-15% alcohol) 
are crude potstill distillates. The amounts of these 
and of rum consumed are not known. If the equiva- 
lent of 20,000 tons of sugar are fermented, one may 
estimate that 10,000 tons of alcohol are produced or 
roughly 5 pounds of alcohol (1-2 gallons of rum) 
annual per capita consumption. This figure may be 
greatly in error. 


Salt by solar evaporation in dirt basins 


Salt is manufactured in Haiti in the Gonaives and 
Port-au-Prince areas by solar evaporation of sea water 
in dirt basins (Figure 2). When sufficient crystals 
are formed on the sides and bottoms and on branches 
which are used to increase the surface for crystalliza- 
tion, the salt is harvested by hand. The branches are 
stripped into wicker baskets, the crude salt is washed 
with the mother liquor and dried in piles in the sun. 
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Words, words, words—about vitamin A. Anyone wanting to 
bone up on the subject would soon find himself plowing 
through this monument to the verbal vigor of our own staff 
since the early thirties, when we began our vitamin A research. 

But you needn't bother boning up. All you need do to assure 
trouble-free vitamin A fortification of your product is to send a 
few of your own words to us via telephone, or in a note. We 
do practically ali the rest. For information and prices on 
Myvax® Vitamin A Acetate or Palmitate, and on Myvax Dry 
Vitamin A Palmitate, write Distillation Products Industries, 
Rochester 3, N. Y. Sales offices: New York and Chicago ¢ W. M. 
Gillies, Inc., West Coast ¢ Charles Albert Smith Limited, 
Montreal and Toronto. 
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Figure 2. Harvesting salt at Gonaives. 


This grayish large crystal salt comprises most of the 
salt marketed in Haiti. According to M. Routh, FAO 
Fisheries Specialist, the impurities render it unsuit- 
able for salting fish. Any increase in the latter ac- 
tivity would require either the introduction of tech- 
niques for purifying salt or the importation of salts 
of higher purity. The nutritional survey showed that 
in the females studied the incidence of palpable en- 
largement of thyroids was surprisingly large—17— 
39% for the various groups studied. This suggested 
that the salt contained little or no iodide and pre- 
liminary laboratory observations confirm this. lodiza- 
tion of the salt would be of obvious nutritional benefit, 
but a practical way to accomplish this under the 
present methods of manufacture and distribution is 
difficult to visualize. 


Pish 


The Haitians import about 14,000,000 pounds of 
dried and salted fish annually, mostly from Canada, 
although tuna and related species are supposedly 
abundant in the surrounding waters. A vigorous 
program supported by FAO laid the ground-work for 
& proposed cooperative agreement between a Japanese 
fishing company and the Republic of Haiti, by which, 
in return for permission to use Haiti as a base for 
operations and to build an 800-ton refrigerated ware- 
house in Port-au-Prince, the fishing company would 
help the Haitians train fishermen, develop a fishery 
and a distribution system. However, little progress 
has been made on this project. An increase in fish 
consumption would help to overcome the obvious pro- 
tein deficiencies, particularly in the rural areas. 


Essential oils—from amyris to vetiver 


One large and ten or twelve small essential oil 
plants are scattered throughout the country. The oils 
manufactured are amyris, lemon grass, lime, vetiver, 
and others. Total exports in 1955-56 amounted to 
260,000 pounds, but accurate data on present rates of 
manufacture are very difficult to obtain. 
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1. Peanut oil becomes a firm solid when you heat it, add 
4% of a pure distilled monoglyceride, then cool it to room 
temperature. Only a high-purity mono works this way. It 
forms a uniform crystal matrix that effectively traps any 
free oil. 


Ma 


3. The peanut butter doesn't stiffen in the refrigerator, ci- 
ther. Since virtually all the stabilizer is already crystalline, 
there is none left in solution to crystallize later at low tem- 
perature. Spreadability stays just right, just the way you 
want it. 


It is now possible for food producers to engineer 
precisely the texture of peanut butter and many 
other foods containing fats. The basis of this 
control is a unique segregation of fat vapors 
that takes place in our molecular stills. To de- 
termine whether Myverol Distilled Monoglycer- 


2. “Oil-out” in peanut butter can be climinated, on the 
—— when the butter is stabilized with Myverol® 
Distilled Monoglycerides. To imprison the oil, you need only 
24% mono. The matrix won't dissolve even on the warm- 
est summer day. 


4. And it tastes like peanuts. Peanut butter made with 
Myverol Distilled Monoglycerides doesn't have a tendency to 
coat the taste buds or stick to the roof of the mouth. Its 
improved consistency allows full release of the peanut 
flavor you put into it. 


ides can help you achieve the food textures you 
want, write to Distillation Products Indus- 
tries, Rochester 3, N. Y. Sales offices: New 
York and Chicago « W. M. Gillies, Inc., West 
Coast * Charles Albert Smith Limited, Mon- 
treal and Toronto. 


distillers of monoglycerides 
made from natural fats and oils 
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Also .. .vitamin A in bulk 
for foods and pharmaceuticals 
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NEEDED : CAPITAL, SCHOOLS, ROADS, 
AGRICULTURAL INFORMATION 
—AND POLITICAL STABILITY 


The following comments may be made on some of 
the crops of Haiti. Corn is grown in all parts, and on 
almost every square foot of plantable land, including 
the sides of drainage ditches, steep and stony hillsides, 
ete. Yields per acre are therefore extremely poor. 
llowever, even on good land agricultural practices 
are wasteful and fail to take advantage of information 
already available. Thus fields may be and are exten- 
sively damaged by insect infestation which the appli- 
cation of a few cents’ worth of insecticide could have 
prevented. The peasant often has neither the few 
cents nor the information necessary to do this. Yield» 
could also be tremendously increased by irrigation 
where this is possible, by the use of new seed, and by 
the adoption of already developed practices of more 
advanced agricultural regions. Millet and sorghum 
are more resistant than corn and can be grown in 
areas where corn will not produce a comparable yield 
(Figure 3). Rice is a favorite cereal in the Haitian 
diet but is more expensive than corn or millet. In tie 
irrigated areas, seed imported from the southern 
United States is found to give the best yields. A 
mountain rice is grown in those areas of higher eleva- 
tion which have adequate rainfall. In the Artibonite 
Valley now being artificially irrigated as previously 
mentioned, about 40 square miles are being devoted 
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iological identification work in our Passaic, 
N. J. manufacturing plant. Degree in bac- 
teriology desirable. Some industrial plant 
experience helpful; government health 
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Write fully, in confidence, 
giving salary requirements to: 


JULES Z. WILLING 
Executive Recruiting Supervisor 


666 Fifth Avenue—New York, N.Y. 


Figure 4. Irrigated rice fields in the Artibonite Valley. 


to rice culture (Figure 4). Other high-yielding crops 
which furnish a large proportion of the calories to 
the Haitian peasant are plantain, sweet potato, yautia 
(the Haitian ‘‘malanga’’), and yams (Dioscorea sp., 
spelled ‘‘igname’’ in Haiti, large, irregularly-shaped 
roots, not resembling our sweet potato). Bananas, 
which a few years ago were a profitable export crop, 
have declined drastically due to Panama and other 
diseases ; 7,300,000 ‘‘stems’’ were exported in 1946 - 
1947, 164,000 in 1955-1956. 

Summarizing, one finds in Haiti a lerge under- 
nourished and illiterate population dependent upon 
a subsistence agriculture and an underdeveloped in- 
dustry. Improvements are hampered by lack of capi- 
tal, schools, teachers, roads, and political stability. 
The Department of Agriculture staff at Damien is 
doing an excellent job as far as their resources permit 
in overcoming some of the agricultural deticiencies, 
but progress in solving some of the other problems will 
wifortunately be slow. 


SUPPLEMENTARY REFERENCES 
. Agriculture in Haiti. M. A. Holly. Vantage Press, Inc., 
New York, 1955. 
2. Haiti: The Black Republic. Selden Rodman. Devin-Adair 
Co., New York, 1954. 
3. Here is Haiti. Ruth D. Wilson. Philosophice! Library, New 
York, 1957. 
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4. Life in a Haitian Valley. M. J. Herskovits. Alfred A. 
Knopf, New York, 1937. 


5. Making a Living in the Marbial Valley. A. Metraux. 
UNESCO, 19, Avenue Kleber, Paris. Uneseo/ed/oce/10. 
Dee., 1951. 


6. Mission to Haiti. Report of the United Nations Mission of 
Technical Assistance to the Republic of Haiti, United 
Nations Publications, 1949. IT B. 2, Lake Suecess, July 
1949. 


7. Report to the Government of Haiti on Maritime Fish in 
Haiti. FAO Report No. 721, Rome, 1958. 


Twentieth Annual IFT Meeting 
Plans Under Way 


San Francisco, May 15-19; Honolulu, May 20-24 


‘‘IFT members and guests can look forward to a 
stimulating and timely array of speeches, technical 
sessions, awards presentations, and a fine selection of 
industrial exhibits’’; ac- 
cording to Mr. John Kil- 
buck, (Wm. J. Stange 
Co.), General Chairman 
of the 20th Annual Meet- 
ing. Plans for the techni- 
cal sessions are well under 
way according to Dr. 

George F. Stewart (De- 
partment of Food Science 
and Technology, Univer- 
sity of California), Pro- 
gram Chairman, and Dr. 
Hans Lineweaver (West- 
ern Utilization Research 
and Development Division, 


USDA), Vice Chairman. J. Kilbuck 


Other members of the Program Committee are : 


Dr. Ralph Baker, Pennsylvania State University 
Dr. George Felton, Hawaiian Pineapple Company 
Dr. Dean Foster, M. & M. Foods, Ine. 
Dr. Joseph H. Gast, Baylor University 

. Amihud Kramer, University of Maryland 

. E. B. Oberg, Carnation Company 

. W. 8. Ogilvy, Mead Johnson & Company 


. Edward Seltzer, Thomas J. Lipton, Ine. 
. Clarence Schmidt, Continental Can Company 


. Lee Underkofler, Takamine Laboratories, Inc. 
. Betty Watts, Florida State University 
. John Whitaker, University of California 
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G. Stewart 


H. Lineweaver 


Deadline for Program Participants 


In order to meet publication deadlines, prospective 
contributors should submit titles and abstracts to 
the Program Chairman according to the following 
schedule : 

1. Titles must be in the Chairman’s hands not later than 

December 1, 1959. 

2. Abstracts must be in the Chairman’s hands not later than 

January 1, 1960. 


Nominations Now Open for 
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Of Professional Interest 


Tentative List of Special Sessions 


While final decisions have not been reached by the 
Program Committee, special sessions will probably be 
scheduled for the following subjects: 


A. San Franciseo Sessions 


. Food Engineering 
2. Progress in Producing and Marketing Instant Foods 
3. Quality Control in Food Processing and Marketing 


4. Basie Research on the Chemistry of Foods and Food 
Components 

5. Food Microbiology 

6. Fruit and Vegetable Technology (with a special ses- 
sion on citrus products) 

7. Cereal and Baked Produets 

8. Animal Products Technology 

9. Food Additives and Food Toxicology 

10. Packaging Problems 


B. Hawaiian Sessions 


1. Technical Tours of Fruit Production and Processing 
Centers on Island of Oahu and Hawaii 

2. Potentials for Processing and Marketing Exotic 
Fruits of the Pacific Rim 


3. Potentials for Processing and Marketing Animal 
Products for use in the Pacific Rim Area. 


Food Technology Industrial Achievement Award 


The Institute of Food Technologists, Donor, an- 
nounces the opening of nominations for the second 
FOOD TECHNOLOGY ACHIEVEMENT AWARD. 
The award consists of the following: To the Company 
or Institute, a bronze plaque. To the individual(s) 
judged to have made major contributions to the 
achievement, either through basic research or develop- 
ment, public recognition at the time of presentation 
of the Award, and an engrossed plaque. 

The purpose of this award is to recognize and honor 
an outstanding food process and/or product, which 
represents a significant advance in the application of 
Food Technology to food production, and which has 
been successfully applied in actual commercial opera- 
tion at least six months but not over four years prior 
to the date of calling for nominations. Insofar as 
possible, this Award shall be personalized by public 
recognition of the individual(s) responsible for the 
achievement. 
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CALL FOR NOMINATIONS 

Any member of the Institute of Food Technologists 
may make nominations for the Award. Each nomina- 
tion must be in letter form and include the following : 

Name of Company or Institution. 

Name of Product and/or Process. 

Description of Product or Process. 

Statement of reason for considering this a meritori- 
ous achievement. 

Statement listing individuals chiefly responsible for 
the achievement and their individual contribu- 
tions. 

Statement indicating the time and extent of com- 
mercial utilization. 

Nominations must not exceed three, single-spaced, 
typewritten pages. December Ist is the deadline for 
receiving pominations. Send nominations to the 
Secretary, Institute of Food Technologists, 176 West 
Adams Street, Chicago 3, Illinois. 
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Time- Temperature Tolerance of Frozen Foods. XIX. 


Ready-to-Cook Cut-up Chicken* 


(Manuscript received March 14, 1959) 


Over ONE BILLION POUNDS of poul- 
try meat are marketed annually as a frozen, ready- 
to-cook product, and a substantial proportion is sold 
in packaged, cut-up form. It is important, then, to 
know how these products stand up under a wide range 
of commercial conditions of time and temperature, 
and what the requirements are for processing and 
packaging to provide desired stability. Only from 
such information will it be possible to develop eri- 
teria of excellence and quality loss and to establish 
safe tolerances for all phases of processing and dis- 
tribution. Pertinent data have been published from 
this laboratory on frozen whole roaster turkeys (5), 
turkey dinners and turkey pies (2), and frozen fried 
chicken (3), as part of the comprehensive study of the 
time-temperature tolerance of frozen foods outlined 
by Van Arsdel (14) in the first article of this series. 
The present report extends the data to include ready- 
to-cook chicken. 

During the past 15 years, in which ready-to-cook 
(eviscerated) poultry has replaced dressed (non- 
eviscerated) poultry as the predominant marketing 
form, there has been an increasing interest in the 
storage stability of frozen, ready-to-cook poultry. 
Koonz et al. (6) reported appreciable deterioration in 
flavor and appearance of eviscerated, disjointed pul- 
lets wrapped in moisture-proof cellophane after 9 
months at 0° F. and after progressively shorter 
periods as the storage temperature was increased to 
+10°, +20°, and +28° F. Wills et al. (15, 16), in 
studies on fryer and roaster chickens with variations 
in packaging (waxed carton versus tin can), found 
important quality losses at +20° F. in less than 3 
months, but at 0° F. only after 9 months. Beneficial 
effects of good packaging were much more evident at 
+20° than at 0° F. Analysis of the atmosphere in air- 
packed cans after 9 months’ storage at +20° F. indi- 
cated that practically all of the oxygen had been con- 
sumed and carbon dioxide content had risen to about 
16%. 

Cook and White (1), in early studies on rancidifica- 
tion and dehydration of poultry (presumably New 
York dressed) at +10° F. under various degrees of 
packaging protection, established that poultry fat 
could become definitely rancid under storage condi- 
tions that prevent surface drying. To our knowledge 


* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, Pennsylvania, May 
20, 1959. 

» A laboratory of the Western Utilization Research and De- 
velopment Division, Agricultural Research Service, U. 8. De- 
partment of Agriculture. 


A. A. Klose, M. F. Pool, 
A. A. Campbell, and H. L. Hanson 


Western Regional Research Labora- 
tory,” Albany, California 


there has been no rigorous extension of this work to 
ready-to-cook poultry with complete and independent 
control of oxygen availability and moisture retention 
over wide limits. A summary of effects of frozen 
storage on eviscerated poultry by Stewart and Lowe 
(12) indieated the importance of tight, moisture- 
vapor-proof packaging in controlling visible dehy- 


dration for 6 to 9 months at 0° F. 

Parnell et al. (8) compared quality losses of fryers 
held at 0°, 7°, 15°, and a fluctuating temperature 
ranging between 2° and 15° F. The fiuctuating con- 
dition, with a mean temperature estimated to be 
between 2° and 7° F., resulted in about the same 
amount of moisture loss after 6 months’ storage as 
the steady 7° F. condition. Studies on large, ready- 
to-cook roaster turkeys reported earlier (5) from this 
laboratory involved 4 constant-storage temperatures 
(—30°, —10°, 0°, +10° F.) and a temperature fluctu- 
ating between —10° and +10° F. in a 24-hour sine 
wave cycle. Moisture loss from wax paper wraps in- 
creased with increase in temperature and for the 
fluctuating —10° to +10° F. condition was equal to 
the loss to be expected from a steady +3° F. In rela- 
tively moisture-impermeable plastic bags, frost for- 
mation inereased with temperature and was higher 
for the —10° to +10° F. fluctuating temperature than 
for the steady +10° F. With relatively moisture- 
impermeable packaging, fluctuating temperatures 
within the range of —10° to +10° F. were inferior to 
the mean steady temperature (0° F.) only with re- 
spect to frost formation, and this had no effect on 
eating quality. 

The present paper extends the existing state of 
knowledge as described above through detailed evalu- 
ation of quality losses over a wide range of tempera- 
tures, temperature fluctuations, and storage periods 
and for various degrees of adequacy of packaging. 
Studies include storage tests in controlled atmos- 
pheres where moisture loss and oxygen availability 
were varied independently and their separate effects 
determined. Results emphasize the importance of 
good packaging in addition to low (0° F.) tempera- 
ture storage, and provide evidence to support a 
recommendation for inert gas packing where addi- 
tional storage life is desired. 


GENERAL PROCEDURES 


Frozen commercially packaged, cut-up chickens were ob- 
tained from a uniform lot processed in a typical processing 
plant and were randomly distributed among the experimental 
temperature conditions. Refrigerated storage rooms (7) used 
in these studies maintain accurately any steady temperature or 
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any prescribed recurring cycle of fluctuating temperatures, 

th a uniform air flow (40 f./min.) direeted from perforated 
aovble walls equally over all of the stored samples. Each pack- 
age was weighed and placed on its side on wall shelves in a 
refrigerated storage room, with adequate air space between 
adjointing packages, and with the greatest surface at right 
angles to the perforated double wall to permit uniform and 
maximum air flow over the package surfaces. After storage 
periods estimated to have produced significant differences in 
quality between the various experimental conditions, packages 
were removed, weighed, examined for deterioration in frozen 
appearance or odor, thawed overnight at +37° F., and evalu- 
ated for off odor in the thawed raw meat and off flavor in the 
cooked product. Peroxide development in the raw skin fat and 
viseeral fat of stewing hens was determined by modification of 
the iodometriec method of Wheeler (9). 

Cooking of chicken fryers was accomplished by dredging the 
pieces of eut-up chicken in flour (1 part potato flour, 2 parts 
all-purpose flour, and salt at 10% of total flour) and deep-fat 
frying for 12 to 15 minutes (depending on size) in peanut oil 
at a starting temperature of 268° F. and a cooking temperature 
of 250° F. Livers and gizzards were cooked in water for one 
hour in a double boiler. Livers were submitted to a taste panel 
of 4 to 5 judges. Gizzards were not tasted but were sliced and 
the interior color noted. Stewing hens were steamed in an 
autoclave at 212° F. for 2 hours. Four birds per experimental 
group were used in each organoleptic comparison. 

For organoleptic evaluation, samples were ranked, 1 being 
assigned to the least off flavor or odor, 2 to the next, ete. In 
most cases, paired comparisons were made of corresponding 
parts of 2 birds, an experimental and a control, and in no case 
were more than 4 samples compared at one time. Eight judges 
ranked samples with respect to off-odor of the raw meat, off 
odor in the broth, and off flavor in the skin of stewing hens. 
Throughout any experiment, 4 judges ranked light meat sam- 
ples for off flavor and 4 other judges ranked dark meat. There 
were 4 replications of each comparison, making a total of 32 
judgments from which to estimate the nature and statistical 
significance of the panel finding. The results obtained at sue- 
cessive storage periods are expressed in terms of the time, for 
each experimental temperature, at which the panel was first 
able to rank the experimental birds significantly worse than 
the controls held at —30° F. or —10° F. The industry has indi- 
eated interest in this end point, which may be considered to 
terminate the period of ‘‘high quality storage life,’’ although 
it is reeognized that when tasted alone under normal con- 
sumption practices, these samples would be acceptable for con- 
siderably longer periods. 

Statistical analysis of the taste data was made by the use 
of tables of the binomial probability distribution (13), with a 
requirement for significance arbitrarily set at the 1% level of 
probability in most cases. For example 24 correet judgments 
(ranking the control 1) were required out of a total of 32 
judgments before significant deterioration was considered to 
be present. In Experiment A, where most of the pertinent 
comparisons never resulted in a difference significant at the 
1% level within the periods studied, data are given for a 5% 
level of significance. 


EXPERIMENTAL WORK AND DISCUSSION 


Experiment A. Fryers in excellent commercial 
package. An experiment on the storage stability of 
cut-up chickens was designed to cover temperatures 
ranging from —10° to +20° F. and ineluding 2 fluctu- 
ating conditions, —10° to +10° F. and 0° to +20° F. 
The nature of the imposed fluctuations is illustrated 
in Figure 1 for the 0° to +20° F. eyele, which had a 
sine wave form and a period of 24 hours. While the 
air temperature in the storage room ranged over 20°, 
product temperature varied over a 16° to 17° span 
and lagged behind the room temperature by about 3 
hours. Air temperature in the package fell in an 


20 a PACKAGED CUT-UP 
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Figure 1. Pattern of continuously fluctuating temperatures 
— on one group of well packaged cut-up fryers in Experi- 
ment A. 


intermediate position. The —10° to +10° F. fluctu- 
ation was also of a 24-hour, sine wave form. 

Samples in this storage test were commercially 
raised, meat-type, chicken fryers processed and pack- 
aged at a commercial plant under Federal inspection. 
Each semiscalded, warm-eviscerated, ice-chilled car- 
cass was cut into 10 pieces—wings, drumsticks, thighs, 
2 pieces of back and 2 pieces of breast—and then 
packaged and blast frozen at —30° F. The package 
was a superior commercial type, consisting of a 1-mil- 
thickness cellophane inner liner, a telescoping two- 
piece rectangular carton, and a sealed 1-mil cellophane 
overwrap. In this and subsequently described pack- 
ages, giblets were placed in a parchment bag and in- 
cluded in the package. 

After selected periods of frozen storage, compari- 
sons were made between samples held at the various 
temperature conditions with regard to moisture loss, 
off odor of the thawed raw meat, and off flavor of deep- 
fat-fried meat. Organoleptic comparisons were made 
between —10° F. and the other experimental tem- 
peratures, between each of the fluctuating conditions 
and its steady mean temperature, and in 4-way com- 
parisons between the 0° to +20° fluctuation and the 3 
steady temperatures marking the extremes and the 
mean of the fluctuations. Adequacy of the —10° F. 
condition as a control is based on lack of important 
differences between reaction rates at —10° and —30° F. 
or below. 

The data in Table 1 indicate that a storage life of 
at least one year can be expected under good pack- 
aging conditions at a storage temperature of 0° F. or 
below. Off odors in the raw defrosted meat were de- 
tected somewhat earlier than off flavors in the cooked 
meat. The taste panel was not able to establish signifi- 
cant differences between temperature conditions as 
easily when 4 samples were compared at a time as 
when paired comparisons were made. Accordingly, 
subsequent studies were planned principally in terms 
of paired comparisons between each experimental tem- 
perature and a control. 

No significant organoleptic difference developed 
between samples held under a fluctuating temperature 
condition and samples held at the mean temperature 
over extended periods of storage. Hence, for prac- 
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TABLE 1 


Comparative deterioration in well packaged fryers held 
at various temperatures 


mete 1 more deterioration at 
uctuating) temperature 


Quality | 
evaluated 420 | +10 —10 to +10 
by panel? | 
—10° F. | —10° F. 
Odor of 
raw meat 


Flavor of | 
cooked meat x | >24 
1 Data represent times in months at which the difference between 
higher (or fluctuating) temperature and control was significant at a 
probability level of 5% or less 
2 Eight trained panel members ranked four replications of each com 
parison at each storage period, 


tical purposes, the deteriorative effect of ordinary 
temperature variations within the frozen range may 
be considered equal to the deterioration produced by 
an equal period at a steady temperature equal to the 
mean of the variations. 

Moisture loss from the package for 10 months’ stor- 
age is plotted against storage temperature in Figure 
2. Loss of about 0.6% moisture at +20° F. produced 
a moderate degree of visible dehydration or ‘‘ freezer 
burn.’’ Loss under the 0° to +20° F. fluctuating con- 
dition, which is indicated by the arrow, is equivalent 
by interpolation to the loss to be expected from a 


MOISTURE LOSS 
PACKAGED, CUT-UP FRYERS 


10 MONTHS STORAGE 
LOT A 


+ 


% MOISTURE LOSS 


-10 +10 +20 
TEMPERATURE (°F) 

Figure 2. Moisture loss, expressed as per cent of carcass 
weight, from well packaged cut-up fryers as a function of 
storage temperature over a ten-month period. The arrow point 
indicates moisture loss for 0° F. to +20° F. fluctuation, and 
also the steady temperature with equivalent effect. 


steady temperature of +13° F., or 3° above the mean 
of the fluctuations. This is in reasonable agreement 
with the theoretically predicted effect of fluctuating 
temperatures on reactions of constant temperature co- 
efficient (4, 10). The temperature coefficient of the rate 
of moisture loss, expressed as the ratio of rates at tem- 
peratures 10° F. apart, is seen from Figure 2 to be 
about 2, from which we can theoretically expect (10) 
that the fluctuating condition would be equivalent in 


effect to a steady +12° F. condition, or 2° F. above 
the mean. The failure of the organoleptic results to 
show this effect is not inconsistent since, even with a 
much larger temperature coefficient, the expected dif- 
ference would be so small as to be within the experi- 
mental error of the taste panel. 

Experiment B. Fryers in inferior commercial 
package. This storage test was conducted with fryers, 
using a commercial package much inferior to that 
employed in Experiment A. The package consisted 
of a 1 mil cellophane liner and a telescoping carton 
with portions of the top cut out to expose writing on 
the flaps of the inner box. Rate of moisture loss out 
of this package was approximately ten times that 
found for the cellophane overwrapped carton used in 
Experiment A. Birds were processed similarly to 
those in Experiment A. Paired comparisons of 
—30° F. controls with birds at the experimental tem- 
perature conditions provided data which are illus- 
trated for +20° F. samples in Figure 3 and sum- 
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MONTHS STORAGE AT +20°F. 

Figure 3. Number of times (out of 32 comparisons) that 
—30° F. control was ranked over +20° F. sample, for Experi- 
ment B involving cut-up fryers in inferior package. Dotted 
lines indicate number of correct rankings required for three 
levels of statistical significance. 


marized for all temperature conditions in Table 2. 
Moisture losses over a 4144 month storage period are 
plotted in Figure 4 as a function of storage tem- 
perature. 

In comparison with the previous experiment 
(Exper. A, Table 1) a strikingly greater rate of flavor 
deterioration, and a correspondingly greater rate of 
moisture loss, can be noted. It is safe to assume that 
the greater permeability to moisture vapor was ac- 
companied by greater permeability to the oxygen of 
the air. Undoubtedly this greater permeability to 
moisture vapor and air contributed to the greater 
rate of quality deterioration. The extent of this con- 
tribution to the difference in results between Experi- 
ments A and B cannot be established exactly, because 
some of the diference may be due to differences in 
compositiion or processing treatment of the separate, 
though typical, commercial lots of chicken. 

As also shown in Experiment A, differences in odor 
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fluctuations. Theoretical calculations (10), based on 
a temperature coefficient of 2.3 for 10° F. intervals 
(Figure 4), yield a value of +12° F. 

The fluctuating temperature conditions produced 
detectably more organoleptic deterioration than the 
steady mean temperature in each case only after the 
mean temperature had given evidence of a deteriora- 
tive effect in comparison with the —30° control. 
Therefore, since it is only after both samples have 
developed significant deterioration that the taste 
panel is able to recognize any inferiority of the fluctu- 
ating sample compared to the sample held at the 
steady mean, this difference in favor of the mean is 
obviously of no practical importance. 
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MOISTURE LOSS 
PACKAGED, CUT-UP FRYERS 
4.5 MONTHS STORAGE 
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” 
3 


“30 -20 +10 +20 
TEMPERATURE (°F) 

Figure 4. Moisture loss, expressed as per cent of carcass 
weight, from cut-up fryers in inferior package as a function 
of storage temperature over a 4% month period. The arrow 
indicates moisture loss from 0° F. to +20° F. fluctuation, and 
also the steady temperature with equivalent effect. 


of raw meat were detectable sooner than differences in 
flavor of cooked meat. The first detectable storage- 
induced changes in odor were not really objectionable 
and were described by many as an accentuated typical 
raw poultry meat odor. It was not a typically rancid 
odor, and it could not be of bacterial origin because 
it appeared at temperatures of 0° F. and lower. 

Inability of the panel to establish significant dif- 
ferences in flavor of cooked liver was surprising, in 
view of its recognized instability. However, from 
comments of panel members it was evident that both 
controls and experimental samples of liver were sub- 
optimum in texture (crumbly) and possibly other 
quality factors. 

Moisture losses from the inferior package of Ex- 
periment B birds were serious (Figure 4), producing 
appreciable freezer burn on the uppermost surfaces 
of the eut-up poultry within 4%4 months at +10° F. 
Fluctuation between 0° and +20° F. produced mois- 
ture loss that would be expected from a steady tem- 
perature of +13° F., or 3° above the mean of the 


TABLE 2 


Comparative deterioration in poorly packaged fryers held 
at various temperatures 


Experiment B 
Months to develop significantly more deterioration at 
higher (or fluctuating) temperature 
Quality | | 0 to +2 
+20|—10 to +10 
= +20 | +10 | 0 —10 | Fluctu-| FPluetu- 
yP va. | vB, va. vs. ation ation 
—30° |—30° F.|—30° F. | —30° F. vs. vs. 
| +10° F o°F 
Odor of 
raw meat <1 3 6 9 3 9 
Flavor of 
cooked meat ae 6 | >12 27 >12 >18 
Flavor of | 
cooked liver 6 |>12 | >is | | >18 


‘Data represent times in months at which the difference between 
higher (or fluctuating) temperature and control was significant at a 
probability level of about 1%. 

* Eight trained panel members ranked four replications of each com- 
parison at each storage period 


Experiment C. Fryers in tin cans with controlled 
atmosphere. Some fundamental questions on the rela- 
tive importance of moisture retention and oxygen ex- 
clusion are raised by the results of Experiments A 
and B. In order to develop basic information on the 
independent effects of oxygen availability, moisture 
loss, and temperature, commercially processed cut-up 
fryers were stored in sealed tin cans with atmos- 
pheres of nitrogen, air, and nitrogen containing 2.7% 
oxygen. Some air-packed samples were stored in the 
presence of a desiccant, calcium chloride, to bring 
about dehydration without modifying air (oxygen) 
availability. Other samples were packed in vented 
cans with ice cubes in contact with meat to provide 
unlimited availability to air but no significant loss of 
moisture from the meat. Experimental storage tem- 
peratures were +20°, +10°, and 0° F. Nitrogen- 
packed samples held at —30° F. were used as controls 
in some comparisons. 

The chickens were from a uniform lot of straight- 
run, 9-week-old, Indian River x Delaware crosses. 
They were processed to a chilled, cut-up form in a 
commercial processing plant. Average ready-to-cook 
weight of the birds was 1100 g. Each bird was packed 
in a No. 10 tin ean of 3000 ml. capacity. For the air- 
desiccant pack, 100 g. of anhydrous granular calcium 
chloride were weighed into a paper sack and placed 
on top of the meat. For the vented cans containing 
ice, approximately 100 g. of cube ice were added to 
each can before sealing, and after sealing a 14-inch- 
diameter hole was punched in the ean lid. 

After periods of storage, ranging from 1 to 16 
months and selected according to the estimated sta- 
bility for a particular temperature-atmosphere con- 
dition, the cans were analyzed for oxygen and carbon 
dioxide content. Moisture loss was measured where 
appropriate, and paired organoleptic comparisons of 
raw odor and cooked flavor were made as indicated 
in Table 3. 

Moisture loss out of the vented cans containing ice 
was in no case more than 0.2% of the weight of the 
bird, and was probably lost from the ice cubes rather 
than the meat. Moisture lost by the meat and absorbed 
by the calcium chloride in the air-desiccant cans 
(Figure 5) was much greater than the loss experi- 
enced in the worst commercial package (Experiment 
B) and resulted in objectionable amounts of visible 
surface dehydration. Thus, the two factors, unlimited 
air and excessive moisture loss, which are linked to- 
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TIME-TEMPERATURE TOLERANCE OF FROZEN FOODS. XIX. 


TABLE 3 


Effects of temperature, oxygen, and moisture loss on storage deterioration of fryers 
Experiment C 


Pairs of temperature-atmosphere combinations ‘Months required for detection of significantly? worse deterioration 
compared by taste panel? in 2nd member of pair 

Ist Member 2nd Member Odor (raw) Meat flavor | Liver flavor ; 
Exper. temp Exper. temp. | Exper. temp. 

Temp. | Atm | “Temp. | Atm. | 420°F.|+410°F.| o°F. |+20°F.| +10°F.| o° FP. | 20°F. | 10°F. | o°F, 
(1) |—30°F.| Ne ve. | Exper.| AI | % 3 7 >16 2 
(2) —30° F. Ne “ve. | Exper.| | 7 >is | 7 | 12 6 >16 
(3) Exper. Ne vs. Exper. | Al ry 6 5 10 16 >4 16 
(4) Exper. Ne 2 5 8 S4 5 12 4 >9 >12 
(5) Exper. Ne vs. Exper. | 2.7% Oz 2 7 12 >4 | >7 >12 >4 >7 >12 
(6) | Exper. A vs. Exper. | AD >7 >12 >12 | >4 | 


follows: Ne—99.8+% nitrogen; AI —ice in can with % in. vent to air; A—air; AD —air in presence of desiccant; 2.7% Oz— mixture of 2.7% 
oxygen and 97.3% nitrogen. All comparisons were made at three experimental temperatures, +20°, +10°, and 0° F 

2 Data represent times in months at which panel first ranked the 2nd member of a pair significantly (1% ievel of probability) worse than the Ist. 
Times prefixed by a “greater than” > sign represent the times of the last, unsuccessful attempt to detect a significant difference between members of 


a pair. 


tected by a trained taste panel at a 1% level of statis- 


| /+20°F | tical significance. The effect of storage temperature 
fe) i? on all 3 qualities confirm and further define the rela- 
if 6 | tive importance of temperature in preserving quality. 
S ~ ] | The value of holding at 0° F. or below in preventing 
w changes within a year’s storage period is at once 
> apparent. Quality deterioration was first detectable 
2 2}—/— 2 AS SA ED in the odor of thawed raw chicken, then in the flavor 
= | of cooked liver, and finally in the flavor of cooked 
ae meat. As observed in Experiments A and B above, the 
| raw odor was generally described as an intensification 
) 4 8 12 of the odor often noticed in processed poultry meat 
MONTHS STORAGE rather than a rancid off odor typical of deteriorated 
YI 


Figure 5. Moisture lost by carcass and absorbed by desiccant 
in air-desiccant (AD) cans of Experiment C, as related to stor- 
age time and temperature. 


fat. Bitterness was one of the characteristics of off 
flavor in eooked liver, while stale and/or rancid off 
flavors were noticed in cooked meat. 


gether in commercial packages, were effectively sepa- 
rated so that the effect of each could be studied 
independently. 

Oxygen consumption by the meat, as measured by 
the decrease in oxygen content of the atmosphere in 


+20°F 
@ AIR 


O AIR- DESICCANT 


the sealed cans, is shown in Figure 6 for air and air- , ne a: 
desiccant packs at the three experimental storage 

temperatures. Moisture loss does not appear to influ- 

ence oxygen consumption. Comparison of these rates 6+ 


of consumption with those for the 2.7% oxygen packs, 
plotted on a two-fold larger scale in Figure 7, indi- 
cates that rate of oxygen consumption was markedly 
decreased by lowering the partial pressure of oxygen 
in the can. 

Production of carbon dioxide, as shown in Figure 
8, increased with increase in storage temperature. 
The predominantly anaerobic nature of this produc- 
tion is indicated by the substantial rates observed in 
nitrogen packs. Production of carbon dioxide in re) | 
2.7% oxygen was about the same as in nitrogen. ie) 4 8 l2 16 


Results of organoleptic comparisons of the stored Figuee 6 ty the 


OXYGEN CONSUMED (208-%0,) _ 
nm 
2) 


samples are summarized in Table 3 in terms of the and air-desiccant (AD) cans, as related to storage time and 


time required to develop differences that could be de- temperature. 
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OXYGEN CONSUMED (2.7-%0,) 


% 


MONTHS STORAGE 
Figure 7. Oxygen consumption by the carcass in atmosphere 
containing 2.7% oxygen, as related to storage time and tem- 
perature. 


Comparisons (2) and (3) of Table 3 will be recog- 
nized as single variable components of (1) which in- 
volves a combined temperature and atmosphere effect. 
That is, (2) measures the temperature effect inde- 
pendently of air and (3) measures the effect of air at 
the experimental temperature. Results of these 3 com- 
parisons indicate that a major contributicn to de- 
terioration may be attributed to air (oxygen) avail- 
ability; this is most evident for raw odor and least 
evident for liver. Inspection of data from compari- 
sons (3), (4), and (5) provides a comparison of the 
relative deterioration by air in a vented can, air in a 
sealed can, and 2.7% oxygen in a sealed ean. Differ- 
ences are not great nor are they consistent for all tem- 
peratures and quality factors. The vented can with 
ice provided somewhat longer storage life than did 
the sealed air packed can. This difference, if real, 
may be due to loss of volatile off odors (flavors) from 
the vented can. Deterioration in 2.7% oxygen was 
not much less than in air (20.8% oxygen), which sug- 
gests that gas packing with nitrogen must be essen- 
tially complete with no residual oxygen in order to be 
effective. 


OXIDE 


% C’°?BON C 


or? 


8 
MONTHS STORAGE 

Figure 8. Production of carbon dioxide in atmospheres of 
air (A) and nitrogen (N), as related to storage time and 
temperature. 


It was of interest to find, from comparison (6) of 
Table 3, that moisture loss in itself had no measurable 
effect on odor or flavor deterioration for storage 
periods in which deterioration due to increased tem- 
perature or oxygen availability could easily be 
demonstrated. This corresponds with the approxi- 
mately equal oxygen consumptions observed for air 
and air-desiccant packs in Figure 6. These findings 
on the relative importance of oxygen and moisture 
loss are consistent with the results of Cook and White 
(1) and are in agreement with results on ground beef 
reported by Steinberg et al. (11). 

Experiment D. Stewing hens in fair commercial 
package. Since large commercial volumes of fowl or 
stewing hens are available from laying and breeding 
flocks, it is important to know the storage characteris- 
ties of this type of product. A typical, uniform, com- 
mercial lot of individually packaged, cut-up stewing 
hens (White Leghorns, 234 lbs. eviscerated weight) 
were randomly divided into groups and assigned to 
experimental temperatures of —30, —10, 0, +10, 
+20° F., and —10 to +10° F. and 0 to +20° F. fluetu- 
ating cycles. Each bird had been processed under 
normal commercial conditions, cut into 10 pieces, and 
packed in a commercial package that consisted of a 
wax paper carton with a flap cover containing a 2'4 
in. x 5 in. window formed from the 1 mil thick, sheet- 
cellophane liner. There was no overwrap. Stored 
samples were evaluated after periods of one to eighteen 
months for moisture loss, visible dehydration, per- 
oxide values for the raw fat, odor of the raw meat and 
cooked broth, and flavor of the cooked skin and meat. 
Stewing hens were cooked by steaming at 212° F. for 
2 hours. 

Unlike chicken fryers, the stewing hens had ap- 
preciable amounts of depot fat in the skin and 
visceral cavity, which permitted peroxide determina- 
tions to be made on the raw fat. Peroxide values, 
which are rough indices of deterioration, are pre- 
sented in Figure 9 for stewing hens after 12 months 
storage at the various temperature conditions. Each 
point is a mean value derived from 4 to 8 birds, each 
contributing one sample of skin fat and one of vis- 
ceral fat. Values of 10 meq./kg. or more are generally 
considered to indicate a significant degree of ran- 
cidity. Arrows in Figure 9 indicate the peroxide 
vaiues obtained under the two fluctuating tempera- 
ture conditions, and also show through interpolation 
the approximate steady temperature required to give 
the same peroxide value as that produced by the 
fluctuating temperature. The —10 to +10° F. fluctu- 
ation was equivalent in effect to a steady +7° F., the 
0 to +20° F. fluctuation to a steady +14° F. The 
ratio of rates of peroxide development at steady 
temperatures 10° F. apart is approximately 3, from 
which it may be calculated theoretically (10) that the 
effective temperature for fluctuating conditions should 
be about 3 degrees above the mean temperature in 
each case. The greater increments observed (7° and 
4°) may be expressions of the large experimental 
variability in peroxide development within groups 
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TIME-TEMPERATURE TOLERANCE OF FROZEN FOODS. XIX. 


PEROXIDE VALUES IN FAT. 


| 
PACKAGED, CUT-UP FOWL | i 


12 MONTHS STORAGE 


Lot 
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Figure 9. Peroxide development in raw fat of packaged 
cut-up stewing hens during one year’s storage, as a function of 
storage temperature. Two arrows, from left to right, indicate 
peroxide values for (—10 to +10°F.) and (0 to +20° F.) 
fluctuations, respectively; and also indicate the equivalent 
steady temperatures. 


due to variation in size and relative exposure of fat 
depots. 

Percentage moisture loss from packages of cut-up 
stewing hens was essentially a linear function of stor- 
age time over the 16-month experimental period for 
each of the temperature conditions studied. Data for 
16 months’ storage, as plotted in Figure 10, show 
the temperature effect and specifically the effect of a 
fluctuating temperature in relation to the steady 
mean temperature. The —10° to +10° F. fluctuation 
was equivalent to +2° F. steady temperature, and the 
0° to +20° F. was equivalent to +14° F. steady tem- 
perature. These increments over the mean agree 
roughly with values obtained with turkeys in a poor 
package (5). Calculated from the observed tempera- 
ture coefficient (for a 10° F. differential) of 1.8, the 
theoretical expected increment is about 1.5°. 


MOISTURE LOSS 
PACK.,CUT-UP FOWL 
16 MONTHS STOR. 


LOT 


% MOISTURE LOSS 


-20 -10 +10 +20 
TEMPERATURE (°F) 

Figure 10. Effect of storage temperature on moisture loss 
from packaged, cut-up stewing hens after 16 months’ storage. 
Two arrows, from left to right, indicate moisture losses for 
fluctuations from —10° to +10° F. and from 0° to +20° F., and 
also indicate the equivalent steady temperatures. Moisture loss 
is expressed as a percentage of carcass weight. 


TABLE 4 


Comparative deterioration in packaged cut-up stewing hens 
held at various temperatures 


Experiment D 
Months to develop significantly! more deterioration at 
higher (or fluctuating) temperature 

Quality 0 to +21 ( 
+20|—10 to +10 

Fluctu- | Fluctu- 
7 pene ation | ation 

vs. vs. 
+-10° F. | 0° F. 


Odor of 
raw meat 


Flavor of 
cooked meat 


Flavor of 
cooked skin 


Odor of | 
cooked broth 5 6 12 > >1: | >18 


1 Data represent times in months at which the difference between 
the two indicated temperature conditions was significant at a proba- 
bility level of about 1% 

2 Six to 7 trained panel members ranked 4 replications of each com- 
parison at each storage period. 


Results of organoleptic evaluation, as summarized 
in Table 4, indicate a high-quality storage life of 3, 
6, 9, and 18 months at +20, +10, 0, and —10° F., re- 
spectively. Off odors were detected before off flavors. 
The fluctuating (0 to +20) temperature condition 
produced a little greater deterioration than the steady 
mean (+10°) temperature, but the difference was not 
detected during the normal storage life of either group 
and henee is of no practical importance. 

General comparisons and correlations among 4 stor- 
age tests. While the 4 experiments represent 4 dif- 
ferent and in some respects dissimilar lots of chicken, 
it is of interest to compare results and explore poten- 
tial bases for the differences. The relative permeabili- 
ties of the 3 commercial packages used in Experiments 
A, D, and B are roughly indicated by the percentages 
of moisture loss after 4 months at +20° F., which were 
0.2, 1.0, and 2.0, respectively. The rate of moisture 
loss shows an inverse relation to the storage life at 
+20° F., which was 6, 3, and 1 month, respectively. 
This raises the question whether the observed relation 
between moisture permeability and rate of deteriora- 
tion is direct cause and effect or just a reflection of 
probable correlation between moisture permeability 
and oxygen permeability or other eritical factors 
varying among the 3 experiments. Comparisons set 
up in Experiment C by use of tin cans provided some 
answers to this question. In sealed cans, an induced 
rate of moisture loss greater than that experienced in 
the worst commercial package failed to influence rate 
of organoleptic deterioration. However, markedly 
greater rates of deterioration were obtained in air 
packs over nitrogen packs, or even in packs containing 
2.7% oxygen compared to nitrogen packs. If we wish 
to explain the large differences between the 3 com- 
mercial packs on the basis of our results with fryers 
in tin cans, we must assume a surprisingly low oxygen 
availability in the best overwrapped package. In 
addition to well-sealed, tear-free, impermeable film 
overwraps, the assurance of solidly packed, com- 
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pletely filled cartons should also help to attain a low 
oxygen content. 

Storage-induced change in the gizzards was mani- 
fested by a change in color of cooked tissue from blue- 
black to red. The reddish color, which was observed 
on slicing the boiled gizzard, was always evident by 
the time that significant organoleptic deterioration of 
the carcass had occurred. Origin or significance of 
this color change is not known. 


SUMMARY AND CONCLUSIONS 


Frozen-storage tests were carried out on 2 commer- 
cial packs of cut-up chicken fryers differing in type 
and adequacy of package, one experimental pack of 
cut-up fryers in tin cans, and one commercial pack of 
cut-up stewing chickens. Evaluations were made of 
moisture loss, peroxide development, off odors in raw 
meat, and off flavors in cooked product. 

Slight off odor in thawed raw meat was the first 
quality defect to be detectable, followed by off flavors 
in cooked products. Chickens from all packaging 
conditions had a high-quality storage life of at least 
6 months at 0° F. However, there were large differ- 
ences in stability between the 2 commercial packs of 
fryers, that were to a great extent reflections of the 
large difference in package permeability. Chickens in 
the more permeable package had less than one-third 
of the storage life of chickens in the less permeable 
package. Stewing hens held in a package of perme- 
ability intermediate between that of the 2 fryer pack- 
ages had a corresponding intermediate storage life. 
Peroxide development in fat of stewing hens was cor- 
related with the level of organoleptic deterioration. 

A storage test of cut-up fryers in tin cans with con- 
trolled atmospheres was used to establish independ- 
ently the deteriorative effects of oxygen (air) avail- 
ability and moisture loss. Moisture loss in itself was 
found to have little effect on organoleptic deterioration 
or chemical changes involving oxygen consumption. 
Access to oxygen of the air, on the other hand, con- 
tributed as much to rate of deterioration as a substan- 
tial rise in temperature. Appreciable deterioration 
and carbon dioxide production in nitrogen packs 
indicated that anaerobic reactions are also involved. 

Tests at +20°, +10°, 0°, —10°, and —30° F. pro- 
vided evidence to support a recommendation for stor- 
age at 0° F. or below. Storage life at +20° F. ranged 
from less than one month to 6 months for the various 
packaging conditions, at +10° F. from 3 to 10 months, 
while at 0° F. storage life was at least 6 months in the 
poorest package and about 2 years in the best package. 
Within reasonable storage periods, a series of tem- 
perature fluctuations had practically the same (only 
slightly greater) deteriorative effect on quality as a 
steady temperature equal to the arithmetic mean of 
all of the fluctuations. 

The results emphasize that statements on storage 
life, to have real value, must accurately define the 


intimate product environment as governed by pack- 
aging as well as by temperature conditions. 
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Potatoes with Antibiotics: * 


(Manuscript received April 30,1959) 


Tur CONVENIENCE FACTOR associ- 
ated with prepeeied potatoes has led to their use in a 
number of commercial establishments. One estimate 
(2) indicated that over 5,000,000 bushels were mar- 
keted in the prepeeled form in 1955. However, lack 
of quality control in the handling procedure has led 
to excess sulphite residues and other problems, and a 
number of establishments who have tried prepeeled 
potatoes have discontinued them. Another problem, 
apart from sulphite residues, is the accumulation of 
liquid exuded by the peeled potatoes in storage. Aside 
from being unsightly and unsanitary, the degree of 
exudation is directly related to the loss of turgor of 
the potato cells and thus to the subsequent softening 
of the potato tissue. Soft potatoes are undesirable 
from a culinary standpoint. 

The present investigation was undertaken to study 
the possibility of reducing the amount of exudation by 
incorporating an antibiotic into the sulphite solutions. 
On the hypothesis that the exudation is caused in part 
by an increased permeability of the cell walls due to 
the growth of microorganisms, it seemed logical to 
expect that an antibiotic treatment might be effective. 


MATERIALS AND METHODS 


Potatoes used in this study were obtained through regular 
commercial channels as required and were processed at the time 
indicated in each table. 

Preliminary experiments indicated that abrasion peeling in- 
troduced small bruises which made the degree of exudation 
more variable. Consequently, in this experiment, the potatoes 
were hand peeled in order to reduce the number of replicates 
neeessary to get the same accuracy in the treatments. 

Potatoes were peeled as required and held under cold water 
until they could be eut into French-Fry style strips and 
processed. After cutting, the strips were dipped for 30 seconds 
in the appropriate solution, drained, and packed into poly- 
ethylene “ or Cryovae bags.* The air in the Cryovae bags was 
exhausted (15 inches of vacuum) and the bags were sealed with 
a metal clip using a commercial Cryovac closing machine. The 
polyethylene bags were treated similarly except that the air in 
the bags was not exhausted. Two hundred grams of potatoes 
were packed in each bag and duplicate bags were packed for 
each treatment. 

The amount of exudation was determined by blotting the 
strips and bag with a paper towel. The weight of the dry towel 

* Contribution No. 1196 from the Department of Food Tech- 
nology, University of Massachusetts Agricultural Experiment 
Station, Amherst, Mass. 

» Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, May 19, 1959. 

©The 2x4x12 in. bags of one mil polyethylene were ob- 
tained through the courtesy of the Shellmar-Betner Division of 
the Continental Can Co., Newark, Ohio. 

“The 5x16 in. bags were obtained through the courtesy of 
the Cryovae Division of the W. R. Grace & Co., Cambridge, 
Mass. Cryovae is a trade name for a film made from a copoly- 
mer of vinylidene chloride and vinyl chloride. 


Control of Exudation in Prepeeled French-Fry 


F. J. Francis, B. L. Amla and 
A. Kiratsous 


University of Massachusetts, Amherst, 
Massachusetts 


subtracted from the weight of the damp towel gave a measure 
of the amount of exudation. 

The antibiotics used were obtained in the form of Biostat * 
for oxytetracycline, the erystalline hydrochloride salt for chlor- 
tetracycline ‘ and a preparation containing 20% active material 
for polymixin.” The phytie acid and caleium phytate solutions 
were made by diluting stock solutions of 70% phytie acid * and 
50% ealeium phytate*® respectively. In the treatments in- 
volving antibioties and other chemicals, the compounds were 
added directly to the sulphite solutions. 

The data in Tables 7, 8 and 9 were obtained with potatoes 
eut into one inch cubes rather than French-Fry style strips in 
order to facilitate the color measurements (1). When potatoes 
were cut into French-Fry strips of one-half inch size and 
measured on a Gardner Color-Difference Meter" equipped with 
small area illumination and a one-half inch aperture, there was 
some loss of light through the sides of the strips. This resulted 
in lower ‘‘b’’ values. This difficulty was avoided by using one- 
inch eubes which had a larger surface area. 

The aleohol determinations were made, in duplicate, by the 
method of Shupe and Dubowski (4). The softness determina- 
tions were made with a Universal Precision Penetrometer' with 
150 g. weight on the bar, With this method, a higher reading 
indicated a softer tissue. 

The Sequential Least Significant Differences in Table 4, 
were caleulated by the method of Hartley as reported by Snede- 
cor (5). The Least Significant Differences in Tables 7 and 8 
were caleulated by the method of Link and Wallace (4). 


RESULTS AND DISCUSSION 


The extent and rate of exudation in prepeeled pota- 
toes are governed apparently by a number of factors. 
One of these is the time of storage after dipping. The 
exudation as measured by surface moisture was high 
immediately after packing as the strips were quite 
wet. However, normal healthy potato tissue will 
absorb the surface moisture quite rapidly as illustrated 
in Table 1, where most of the liquid was absorbed 
within the first 4 hours. Then as the storage period 
is lengthened and the microbiological population in- 
creases, the potato strips reach the point where the 
tissues begin to give up liquid and the exudation 
starts to increase. Soon after this stage, the exudation 
increases rapidly and the potatoes are near the end of 
their shelf life. 

It might be expected that the amount of exudation 
would depend on the liquid uptake of the strips dur- 
ing processing as potato strips can be made to take up 
as much as 40% water (3). In Table 2, even when 
potatoes were immersed for 128 minutes and took up 


* Obtained through the courtesy of Chas. Pfizer & Co., Ine., 
Brooklyn, N. Y. 

* Obtained through the courtesy of the American Cyanamid 
Co., Pearl River, N. Y. 

* Obtained through the courtesy of the A. E, Staley Co., 
Deeatur, Ill. 

"Manufactured by the Henry A. Gardner Co., Bethesda 14, 
Md. 

‘ Obtainable from the A. 8, Aloe Co., St. Louis 3, Mo. 
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TABLE 1 TABLE 3 
Exudation in prepeeled potatoes‘ at intervals after packing Exudation in prepeeled potatoes treated with quptetnnnpeiies 


Gterage time at F. Exudation | Concentration of oxytetracycline—p. P. 


Hours 


1.12 Exudetion— % 


0.93 

0.80 Days at Polyethylene bags? 
0.70 
0.45 
0.35 
0.26 


1 French-Fry style strips made from Maine Russet Burbank potatoes 
in March, 1958. The strips were treated with 2000 p.p.m. sulphur 
dioxide as sodium bisulphite, 10 p.p.m. oxytetracycline, and packed in 
polyethylene bags. 


Liquid uptake and exudation in prepeeled potatoes’ with oie | 
different times of immersion in water 0.51 
0.51 
0.56 


Exudation 
| after 6 days 
at 50° F 
| 


Duration of dip ae 


O17 | 1.6 1.60 | 1.60 
0.06 0.53 
0.06 2 2 26 0.21 
0.05 | . 0.18 
0.14 BE 0.31 

0.36 


seconds in a solution of 500 p.p.m. sulphur dioxide as sodium bisulphite | 06 ‘ 0.09 
after the indicated immersion time in water and packed in Cryovac P "2: ‘ | 0.33 | 
bags in March, 1958. 03 | 03 | 0% 0.02 | 
| | 0.05 
| Decayed) 15 | 0.20 


‘The Maine Russet Burbank French-Fry strips were dipped for 30 | 62 1.62 


0 > cree >. i , 10t reci- 1 Russet Burbank variety (Long Island, N. Y.) French-Fry strips 
10% water, the degree of exudation was not app 


ably increased. However, this experiment was per- 2 The strips were treated with 2000 p.p.m. sulphur dioxide as sodium 
be expected that if the microbiological population on bisulphite. : eee ; 
the potatoes were higher, the exudation would be aa ee eee 
greater when the potatoes had been allowed to absorb 
much liquid. However, this factor is not likely to be with storage time probably because at this tempera- 
of commercial importance as potatoes are seldom ture the microbiological population had not started 
held under water for any period of time. to increase rapidly. The exudation also decreased 
Effect of antibiotics on exudation. In Table 3, data with increasing concentration of the antibiotic within 
are presented on the effect of oxytetracycline on the limits of this experiment. 
exudation in potato strips stored at 38° F. in poly- The experiment illustrated in Table 3 was repeated 


ethylene and Cryovac bags. The exudation decreased for chlortetracyecline and polymixin with essentially 


TABLE 4 
Average exudation of of potaters” treated with antibiotics 


Stora, 


Concentration of p.m. 
Antibiotic at 38° — 


5 | 10 | 25 


days Exudation— % 
Polyethylene bags? 
Oxytetracycline 
Sequential L.8.D.'s 
Chlortetracycline 
Sequential L.S.D.’ 
Polymixin 
Sequential 


Cryovac bags* 
Oxytetracycline 
Sequential L.8.D." 
Chiortetracycline... | 2.43 
Sequential L.S8.D.’ | 
Polymixin | 2.43 
Sequential L.8.D.'s are 0.52, 0.29, 0.27 and 0.22 


“ 1 Russet Burbank variety (Long Island, N. Y.) French- Fry strips treated | in » August, 1957. 
* The strips were treated with 2000 p.p.m. sulphur dioxide as sodium bisulphite. 
* The strips were treated with 500 p.p.m. sulphur dioxide as sodium bisulphite. 


= 
| | 1.15 0.73 
4 24.0.. _ 0.55 0.39 
ie 0.84 wee | 0.98 | 0.54 wee | O41 | 0.41 
bays 0.63 ne | 0.47 | 0.39 wee | 0.46 | 0.29 
0.50 0.46 | 0.47 0.27 
0.53 | wu... | 0.61 0.30 we | 083 | 0.23 
0.78 | 0.58 
0.64 | 0.54 
0.41 0.38 
| 0.48 | 0.44 
Minutes % 
1.0 | 1.60 | 1.60 
09 0.48 os i 
1.7 0.30 | 0.44 
BB 1.7 | 0.40 0.19 
BB | 2.9 | | 0.98 0.81 
1.62 | 1.62 
0.15 | 0.18 
0.25 | 0.05 
0.07 | 0.04 
0.05 0.16 
aha 
—— 
& 50 
Ly 
| 
0.61 0.43 
| 
0.33 0.28 
0.45 0.43 
| 
| 
| 0.42 0.46 0.48 0.50 
oe 0.36 0.37 0.34 | 0.32 
be 0.46 | 0.56 0.63 0.78 


DRI-SWEET 


CORN SYRUP SOLIDS 


More successful processors are recognizing the advantage of 
a single conditioner-sweetener like OK BRAND DRI-SWEET 
Corn Syrup Solids. 


DRI-SWEET fortifies Taste Appeal by keeping comminuted 
meats at the peak of their natural deliciousness. Retains flavor 
“The Man From Hubinger”’ and juices without over sweetening. 


is ready to offer detailed ad- DRI-SWEET puts more into Eye Appeal because this pure, 

vice on how OK BRAND DRI- transparent and nutritious carbohydrate from corn syrup 

SWEET can improve your com- preserves appetizing colors. Reduces watering-off and shrinkage. 
minuted meats. If he hasn’t Binds meat particles for more appealing texture (easier 

called on you, write, wire or processing, too!) 


phone today for prompt at- Proper taste and eye appeal add up to greater Buy Appeal. 
tention to your needs. Only OK BRAND DRI-SWEET performs so well, yet is so 
economical and easy to use. Available in 2 popular forms: 

OK BRAND DRI-SWEET 42 D.E. Coarse and 42 D.E. 
Powdered. All available in convenient 100 Ib. moisture-proof bags. 


THE HUBINGER COMPANY 


Keokuk, lowa 
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variations that occur in nature. 


Penick Oleoresins bring you the world’s 
finest spices in their most concentrated form! 


These economical extracts retain the fresh 
aroma and full flavor of the natural spice in 
a form more convenient to use and easier to 
control. They're dependably uniform be- 
cause they're strictly standardized under our 
experienced processing . . . without the wide 


World-famous for half a century as the larg- 
est supplier of botanicals, Penick directs 
every step of production from the gathering 
and selection of raw materials. Ample stocks 
are always available for prompt shipment. 


For generous samples of Penick Oleoresins, 
return the coupon today. 


S. B. PENICK & COMPANY 
100 Church St., New York 8, N. Y. 


Please send samples of these Penick Oleoresins: 

0 Fenugreek 0 Ginger 0 Pepper 

Capsicum 0 Paprika Turmeric 
(0 Celery 0 Parsley 0 Vanilla 

Name: 


Perfumes, Flavors and 
Aromatics Department 
5. B. PENICK & COMPANY City: State: - 
100 CHURCH ST., NEW YORK 8 
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similar results as shown in Table 4. Averages re- 
ported in Table 4 for oxytetracycline and chlor- 
tetracycline in polyethylene bags are based on dupli- 
cate determinations on each of 12 days. Data for 
the odd-numbered days were left out of Table 3 
in the interests of brevity. Averages for poly- 
mixin in Table 4 were calculated for the first 8 days 
only as a slimy condition developed with longer stor- 
age times. Polymixin cannot be recommended for 
potatoes for this reason. 

It is apparent from Table 4 that 10 p.p.m. of either 
oxytetracycline, chlortetracycline, or polymixin in the 
sulphite solution was sufficient to reduce the exudation 
markedly when the potato strips were stored in poly- 
ethylene bags. The data were analyzed in order to 
test whether the 3 antibiotics differed in their ability 
to reduce exudation when applied at the 10 p.p.m. 
level. An analysis of covariance was chosen because 
the data showed an obvious regression with time of 
storage and the difference between the antibiotics 
were not significant at the 0.05 level. All three were 
apparently equally effective within the limits of this 
experiment. 

Data in Tables 3 and 4 indicate that the antibiotics 
were also effective in reducing exudation when the 
potatoes were stored in Cryovac bags. Cryovae bags 
have a much lower rate of gaseous transmission than 
polyethylene bags and this apparently shows up in 
the degree of exudation because the controls in Cryo- 
vac bags consistently showed more exudation. How- 
ever, the antibiotic treatment at even 5 p.p.m. re- 
duced the exudation to that found in polyethylene 
bags. In Table 4, the average value for each level of 
the antibioties for the first 8 days of storage is pre- 
sented. Again a simple analysis of variance for the 
data at 5 p.p.m. indicated that the 3 antibioties did 
not differ in their ability to reduce exudation. 

In Table 3, data are also presented on the extent 
of exudation of potato strips stored at 50°F. The 


TABLE 5 


Exudation in prepeeled potatoes’ treated with oxytetracycline 
and sodium bisulphite and inoculated with spoilage 
organisms from a previous pack 


Storage Concentration of oxytetracycline p.p.m, 
ut 50°F 0 2 5 10 15 ae 
days Exudation—% 
olyve yiene bags 
Polyethylene bags? 
0 |} 224 | 224 | 224 | 224 | 224 | 2.24 
1 | 0.65 | 0.82 | 0.87 0.30 0.42 
2 | 2.51 0.96 0.50 0.49 | 0.42 0.44 
4 | Decayed | Decayed | 1.37 1.38 | 0.60 | 0.69 
6 | Decayed | Decayed | Decayed | Decayed | Decayed 0.91 
8 | Decayed | Decayed | Decayed | Decayed | Decayed | Decayed 
Cryovac bags* 

~ 9 | 2.24 224 | 224 | 2.24 2.24 | 2.24 
1 | 0.85 0.19 025 | 0.28 0.13 | 0.21 
2 | 0.25 0.13 0.10 0.19 0.08 | 0.08 
4 0.31 0.15 0.06 0.06 0.03 | 0.03 
6 Decayed 0.26 0.18 | O11 0.03 | 0.06 
- Decayed 0.87 0.54 0.67 0.06 0.04 


'French-Fry style strips made from Maine Russet Burbank variety 
in March, 1958. ; 

2 The strips were treated with 2000 p.p.m. sulphur dioxide as sodium 
bisulphite. 

2 The strips were treated with 500 p.p.m. sulphur dioxide as sodium 
bisulphite. 
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experiment was repeated with chlortetracyeline with 
essentially similar results. At this temperature, the 
shelf life was much shorter but both antibioties were 
equally effective in reducing exudation. 

In Table 5, data are presented on the effect of oxy- 
tetracycline on the extent of exudation in potato 
strips with a higher microbiological population. The 
container of potato strips in water was inoculated 
with a bag of potato strips from the controls of a pre- 
vious lot stored under the same conditions. The con- 
tents of the bag, which had been allowed to spoil, were 
agitated for one minute in a Waring blender before 
being added to the stock pot. In this experiment, the 
controls had a very short shelf life but the antibiotic 
was effective in reducing exudation and prolonging 
the shelf life but not to the extent possible with pota- 
toes packed under sanitary conditions. It is well 
known, of course, that the antibiotics are generally 
most effective in prolonging shelf life when the initial 
microbiological population is very low. 

It was reported in a previous paper (1) that phytie 
acid or calcium phytate could replace part of the 
sulphur dioxide for the control of discoloration. Both 
additives are ineffective in themselves but can be used 
in conjunction with salts of sulphur dioxide. The 
data in Table 6 are included here because the addition 
of excess phytie acid or calcium phytate can produce 
excessive exudation due presumably to chemical in- 
jury. This injury shows up as a greater content of 
alcohol and more exudation. In Table 7, data are pre- 
sented on the effects of the same chemicals when the 
potatoes were stored in Cryovae bags. Here the alco- 
hol contents were higher even though the concentra- 


TABLE 6 


Exudation, alcohol content, and discoloration of prepeeled 
potatoes * treated with solutions of oxytetracycline, phytic 
acid, calcium phytate and sodium bisulphite 
and packed in polyethylene bags 


Discolora- 


visua mg./ velue 
Oxytetracycline, 50 p.p.m 
plus phytic acid, 2.1% j 048 2.0 36.7 
plus 500 p.p.m 0 39.3 
1000 6 


Oxytetracycline, 50 p.p.m 


plus phytic acid, 0.7 % .........00 0 <2.0 38.8 
plus SOg, 500 p. 0 | 13.5 40.4 
1000 p.p.m 0 13.0 43.6 

L.S.D., 0.05 level, for 6 treatments 2.85 


Oxytetracycline, 50 p.p.m 


plus calcium phytate, 1.5%........4 0 <2.0 38.8 
plus 500 0 <2.0 39.0 
1000 p.p.m, ++ 87.0 46.8 
Oxytetracycline, 50 p.p.m 

plus calcium phytate, 0.5%......... 0 <2.0 38.6 
plus 500 p.p.m 0 <2.0 45.7 
1000 + 16.5 41.4 

L.8.D., 0.05 level, for 6 treatments 3.23 
Oxytetracycline, 50 p.p.m.. 0 <2.0 55.8 
plus 500 p.p.m ania 0 <2.0 47.8 
1000 p.p.m.. 0 <2.0 43.8 
Controls, no treatment. 0 <2.0 85.9 


1 Cubes made from California Long White type potatoes in August, 
1957, stored for 16 days at 40° F 
2 The remainder of the treatments in this series, e.g., phytic acid, cal- 
cium phytate and sulphur dioxide alone were presented in reference (1). 
0 = none, + moderate, +4 severe exudation. 
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TABLE 7 


Exudation, softening, alcohol content, and discoloration of 
prepeeled potatoes’ treated with solutions of oxytetracycline, 
phytic acid, calcium phytate and sodium bisulphite 

and packed in Cryovac bags 

| Exuda- | Softness Alcohol | Discolora- 

Treatment * | tion Pene- mg./ |tion “Rd” 
| visual |trometer| 100 g. value 


Oxytetracycline, 50 p.p.m 
plus phytic acid, 1.4% .............. 5. 98 38.1 
plus 8O¢, 200 p.p.m 82. 86 46.0 

400 | $8.2 46.1 


Oxytetracycline, 50 p.p.m 
plus phytic acid, 0.7%.............. | $3. 35.8 
plus 200 p.p.m.... 33. 46.2 

400 p.p.m 33.! 44.9 


Oxytetracycline, 50 p.p.m. 
plus phytic acid, 0.35%............. 36.5 37.0 
plus 802, 200 p.p.m 37. 2: 48.3 

L.8.D., 0.05 level, for 9 treatment F | 3.14 


Oxytetracycline, 50 p.p.m 
plus calcium phytate, 1.0% a5. " 40.2 
plus 200 p.p.m.. 34. 46.1 

400 p.p.m | 87. 44.5 


Oxytetracycline, 50 p.p.m 
plus calcium phytate, 0.5% 
plus SOs, 200 p.p.m 
400 


Oxytetracycline, 50 p.p.m. 
plus calcium phytate, 0.25%......| 
plus 802, 200 p.p.m.. 
400 p.p.m.. 
L.8.D., 0.05 level, for 9 treatments 


Oxytetracycline, 50 p.p.m............... 
plus 802, 200 p.p.m.. ve 
400 


Controls, no treatment... - 51.0 | 


* Cubes made from California Long White type potatoes in August, 
1957, and stored for 16 days at 40° F. 

* The remainder of the treatments in this series, e.g. phytic acid, cal- 
cium phytate and sulphur dioxide alone were presented in reference (1). 


*0 = none, + = moderate, ++ = severe exudation. 


tion of the chemicals were lower presumably due to 
the effect of a greater degree of anaerobic respiration. 
In Table 8, the overall effects of oxytetracycline on 
discoloration, aleohol content and softness are pre- 
sented. It will be seen that the antibiotic had little 
effect on discoloration but did lower the content of 
alcohol and produced firmer potatoes. It may be that 
the chemical treatment made the potato cells less able 
to withstand the effects of the microorganisms and 
the antibiotic was able to exert a protective effect by 
delaying their growth. 

The full significance of the protective effect of the 
antibiotics on prepeeled potatoes is not clear at the 
present time. Certainly, in terms of alcohol content, 
which in itself is related to the degree of chemical 
injury, the extent of anaerobiosis and the micro- 


TABLE 8 


Summary of data on effect of oxytetracycline on discoloration, 
softening and alcohol content of prepeeled potatoes 


With Without 
oxytetracycline? oxytetracycline? 


Phytic Calcium Phytic Calcium 
acid phytate acid 
Discoloration (‘‘Rd” value) 
42.9 43.4 43.2 | 42.8 
40.8 41.7 40.4 | 38.9 


phytate 


52 81 90 
Polyethylene 14 21 i | 26 

Softness ( Penetrometer ) 
Cryovac 


35.1 33.9 le | 35.1 


1 Data taken trom Tables 6 and 7 of this publication. 
* Data taken from Tables 3, 4 and 5 of reference (1). 


biological population, the protective effect is rather 
complicated. However, it may be possible to derive a 
quality index for prepeeled potatoes based in part on 
aleohol content when more is known about the physi- 
ology of this phenomenon. 


SUMMARY AND CONCLUSIONS 


The exudation of liquid from prepeeled potatoes on 
storage is undesirable because it reduces the shelf life 
of the product and produces an unsightly and unsani- 
tary appearance. It can be minimized by adding 
10 p.p.m. of oxytetracyeline or chlortetracycline to 
the sulphite dipping solution for French-Fry style 
strips packed in polyethylene bags. Five p.p.m. of 
either antibiotic was effective for French-Fry strips 
in Cryovae bags. Both antibiotics were equally effec- 
tive at 38° F. and at 50° F. but the shelf life was much 
shorter at the higher temperature. Oxytetracycline 
was effective in reducing exudation and extending 
shelf life even with potato strips inoculated with 
spoilage organisms from a previous pack. Oxytetra- 
cycline also exerted a protective effect as shown by 
lower aleohol content and firmer potatoes when the 
strips had undergone some chemical injury due to 
treatment with an excess of sulphite and phytic acid 
or calcium phytate. 
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As REPORTED PREVIOUSLY (5), the 
flavor quality of processed dill pickles was signifi- 
cantly improved by the addition of small amounts of 
sucrose. This paper considers the quality changes in 
dill pickles as influenced by sugar, storage time, and 
temperature. 


METHODS AND MATERIALS 


Preparation. Pickles evaluated in this investigation were 
packed under standard commercial conditions by the Farm 
Foods Co., Ine., Ceres, California, A 300 gal. tank was filled 
with size-graded cucumbers to 2/3 capacity (approx. 1,668 Ibs.) 
and covered with approximately 100 gal. of brine. The splash 
brine contained 32 oz. vinegar (120 grain) and had a salt 
content of 38° salonieter (3.8° salometer = 1% salt at 60° F.). 
Spicing added to the brine ineluded 23 Ibs. brined and dried 
dill weed and 5 lbs. pickling spices". The salt content was 
equalized at 20° salometer. 

Processing was done on October 28, at which time pickles 
of approximately 1,800 count per 45 gal. were packed cold into 
1 pint glass jars and covered with fresh, spiced brine. Sugar 
additions were made, filled containers were capped with serew- 
type lids, and pasteurized at 160° F. for 45 min. The processed 
product was then cooled in water to 95° F. Originally, the addi- 
tion of sucrose to levels of 0, 1, 2, and 3% were ordered, but 
through a misunderstanding, the pack delivered contained sugar 
levels of 0, 2, and 4%. An analysis of the pickle brine (2, 3) 
gave reducing sugar values (after inversion) of 0.10, 1.45, 
and 4.60 g./100 ml., respectively. 

Before evaluations were initiated, a period of 4 weeks elapsed 
to allow for equilibration of the sugar with the pickles. Decem- 
ber 1 was designated as ‘‘0 time’’ for testing the first group 
of pickles. The remainder were subdivided and placed in stor- 
age at temperatures of 34, 70, 86, and 98° F. (+ 2° F.). Subse- 
quent testing periods occurred after 4, 8, 16, and 32 weeks of 
storage. 

Objective measurements. Total acidity, volatile acidity, salt 
content, pH, texture, and color measurements were determined 
in the same manner as described previously (45). Vacuum of the 
rapped jars was also measured‘. In addition, the soluble 
solids of the pickle brine were determined by refractometry and 
recorded as degrees Brix. 

Subjective measurements. A laboratory taste panel of 12 
trained members judged texture, color, pickling flavor, presence 
of undesirable flavors, and gave their over-all reaction. A 
balaneed, incomplete block design described by Cochran and 
Cox (1) was used wherein 4 samples were judged per session 
using the score ecard described previously (5). A total of 20 
separate evaluations was obtained for each pickle sample. Each 
day, all 16 samples of pickles were judged for color accepta- 
bility under a standard light souree* by each panel member. 

"Supported in part by the National Pickle Packers Associ- 
ation and the Sugar Research Foundation, Ine. 

® Formula prepared by W. J. Stange Co., Oakland, Calif. 

*Budenberg F.I.R.A. canned products vacuum gauge. 
Budenberg Gauge Co., Ltd., Broadheath. 

***Daylight illumination,’’ 500 watt projection bulb with 
blue filter to give color temperature of 5,800° Kelvin. 
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The remaining subjective measurements were done in indi- 
vidual, partitioned booths where red illumination effectively 
masked eolor differences between samples. Water and unsalted 
erackers were provided to eliminate carry-over of any off- 
flavors and to prevent taste fatigue. 


RESULTS AND DISCUSSION 


Effect of sugar. Flavor was affected by sugar more 
than by time or temperature of storage (Tables 2 and 
3; Figure 1). At the onset of the study, samples de- 
signed at 0 and 2% were equally well liked and con- 
sidered superior to the 4% sample which was too sweet 
(Table 1). As the study continued, the sample con- 
taining 2% sugar emerged as the most desirable in 
flavor, texture, color, and over-all acceptability. A 
similar observation was made in a previous study (5) 
where 2% sugar enhanced pickling flavor of processed 
dill pickles. 

The data suggest that the sugar might have aided in 
protecting the pickles against adverse color changes 
which occurred with time at storage temperatures of 
34° and 86° F. (Figure 2). Statistical analysis of the 
complete data (Table 3) showed that the effect of 
sugar on flavor, undesirable flavor, and over-all re- 
action was significant at the 0.1% level of probability. 
Sugar affected texture to a very slight extent (Tables 
2 and 3). 

There were no significant statistical interactions of 
sugar with time or temperature (Table 3). Shear- 
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PICKLE COLOR 


TABLE 1 


Objective and subjective measurement of pickles at ‘‘0 time’’ 


unaffected by sugar content. 


those stored at 34 


flavor with time. 


9. 


perature (Table 


were observed at 70° F. 
softening of the pickles 


Variable 


Sugar, % 
0. 


Effect of temperature of storage. 
pickling flavor was unaffected by temperature of 
storage. However, slightly higher average scores were 
ascribed to pickles stored at 86° and 70° F. than to 
or at 98° F. (Table 
Samples stored at 70° F. showed the least decrease in 


4 T T T T T 
F. 90 Quality factor 
80 —— Control 4 80. 
Acidity 
70 2% Sugor 70 
50 50 
40 40 
& 30 
§ 20 20 
90 
2 80 80 
2 70 70 Texture 
60 60 Subjective * 
Color 
50 50Fr 
sor Flavor 
0 4 8 6 20 24 28 32 4 8 12 16 20 24 2 
STORAGE TIME (WEEKS) 
Figure 2. Over-all 


press values were unaffected by the sugar variable 
except for an interaction between sugar and time. 
Acidity values, salt content, pH, and vacuum were 


In 


9. 


Texture desirability, whether measured objectively 
or subjectively, decreased with an increase in tem- 
Figure 3). At the lowest tempera- 
ture (34° F.) the firmness of the pickles was observed 
to increase upon storage. Only minor texture changes 
However, at 86° and 98° F. 
occurred 
(Figure 3). These texture changes could be related to 
changes in the pectic substances which are accelerated 


upon 


general, 


Figure 1). 


storage 


* Average of 20 evaluations. 


extent to which 


changes. 


The judges observed 
velopment 
the 


in color from 


and subjective scores. 


TABLE 2 


0.78% 
0.41% 
0.37 % 


4.42% 
3.95% 
3.54 
6.29° 
13” 
467 Ibs. 
4.7 
0.8 
96% 


4.6 
1. 


Too acid 


4.1 


Calculated as % acetic acid. 


an 


« 


onset to 32 
samples stored at 98° F. With the exception of small 
changes in the blue values, insignificant correlation 


coefficients were obtained between Colormaster values 


cast of the pickles held at 34° F. 
increased with 


Sugar levels 


2% | 


4.3 


Unbalanced 
Spicing 


4.0 


* Shades of color deviation from standard (4 E). 
5 Percentage of judgments indicating ‘‘good"’ color. 


influenced 


bl 


weeks 


4% 


0.79% 
0.53% 
0.25% 


4.50% 

4.01% 

3.58 
10.77 


18” 


466 Ibs. 
4.9 


Too sweet 


2.7 


at higher temperatures (4). Analysis of variance of 
subjective texture measurements (Table 3) shows the 
temperature 


texture 


Pickles stored at 70°, 86°, and 98° F. had a greater 
color acceptability than the pickles held at 34° F. 
undesirable 
This ¢ 
time of storage at 
lowest temperature (Figure 2). The smallest change 
occurred 


ue-green 
olor de- 


the 


in 


However, there was a high 


Distribution of cumulative values by sugar, temperature, and time’ 


Objective measurements 2 


Subjective measurements 


Acidity 


| Vel. 


Over-all 
reaction 


Undesirable 


Color 
flavor 


Texture 


539 
458 
420 


354 
347 
350 
366 


363 
363 
362 
329 


1229 
1214 
1245 


919 
914 
926 
929 


919 } 
901 | 
939 


929) | 


6816 
6751 
6849 


5846 
5643 
4938 
3989 


6728 
5520 
4547 
3621 


70.8 
75.0 
73.9 


60.9 
58.1 
53.4 
47.3 


57.1 
56.4 
54.0 


52.2 


39.1 
38.5 
49.5 


32.7 
30.7 
30.1 
33.6 


28.0 
30.2 
37.0 
31.9 


49.5 | 
51.3 
38.3 


33.8 
35.4 
36.6 
33.3 | 


1 Values represent block totals used in the analysis of variance. 
* Four replications per individual sample. 
®* Twenty replications per individua) sample. 
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EFFECT OF SUGAR, STORAGE TIME AND TEMPERATURE ON DILL PICKLE QUALITY 


TABLE 3 


Analysis of variance of subjective appraisal of pickles 


Pickling flavor | 


Degrees 
of 
freedom 


Source | F | 


| ratio 


Mean 
square 


Mean 
square 


2.85 28.5 2.39 | 
0.31 3.12 0.23 | 
0.43 4.31 1.22 | 
6 0.08 08 0.08 
yas 6 0.10 1.0 0.14 | 
Time x Temperature......... 9 0.34 3.41 | 0.21 | 
18 0.10 0.08 
1 Significant at P = 0.05 
2 Significant at P = 0.01. 
* Significant at P = 0.001. 
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negative correlation between shear-press texture 
values and subjective color evaluation (Table 4). 
This suggests that the visual color changes were not 
alterations of hue, which the Colormaster measures, 
but were a function of change in outer cell composi- 
tion resulting in greater translucency and causing the 
pickles to appear a brighter and darker green. The 
color and texture data suggest that a cellular change 
is brought about by replacement of intercellular air 
spaces with liquid, causing the exterior of the pickle 
to appear less opaque. Analysis of variance showed 
the extent to which temperature affected color and 
indicated a time-temperature interaction (Table 3). 

The over-all reaction values followed flavor scores 
closely and showed only slight variation as a result of 
temperature of storage (Tables 2, 3). Acidity, salt 
content, pH, and vacuum showed no variation with 
temperature of storage. 

Effect of time of storage. Flavor quality decreased 
and off-flavor development increased with length of 
storage. In general, most of the flavor loss had oe- 
curred by the eighth week of storage with only minor 
subsequent losses (Figure 1). Although texture was 
more affected by temperature than by time of storage, 
there was a decrease from optimum with time (Figure 


Undesirable flavor 


Texture Color | Over-all reaction 
F Mean F Mean F Mean | F 
ratio square ratio square ratio square | ratio 


| 
29.883 0.30 4.48) 3.30 3.10 51.678 
2.88 2.95 44.037 41.57" 0.19 | 8.17? 
5.253 0.42 6.272 3.47? 0.99 | 16,508 
1.00 1.28 0.06 1,00 
1.75 0.02 1.30 0.138 2.17 
2.63! 0.62 9 4.482 0.25 4.17? 

0.06 


0.067 


3). The best color was observed at the onset of the 
study and the poorest color scores were observed after 
the sixteenth week of storage (Figure 2). 

Comparison between objective and subjective re- 
sults. Table 4 summarizes the results obtained when 
correlation coefficients were determined for various 
comparisons. The only ‘‘r values’’ which were signifi- 
cant were obtained by comparing shear-press values 


TABLE 4 


Correlations between objective and subjective measurements 


Factors compared | value? 
1. Shear press values vs. Texture SCOres...........ccccccsceeeeeeees +0.71 
2. Shear press values vs. Color acceptance. —0.70 
3. Vacuum (inches) vs. Texture 0.24 
4. Total acidity vs. Flavor scores... 0.24 
5. Volatile acidity vs. Flavor scores..... +0,.22 
6. Fixed acidity vs. Flavor scores............00ccc00 —0.33 
7. Colormaster A E values? vs. Color acceptance... +0.25 
8. Colormaster green values vs. Color acceptance -0.23 
9. Colormaster red values vs. Color acceptance......... —0.44 
10, Colormaster blue values vs. Color acceptance...........0.0. —0.65 


1 Correlation coefficient. 
2 Represents total color change. 


with texture scores and with color scores. Vacuum of 
the capped jars varied only slightly and showed no 
correlation with color, flavor, or texture acceptability. 


SUMMARY 


Genuine dill pickles varying in sugar content (0, 2, 
and 4% sucrose) were stored at 34, 70, 86, and 98° F., 
then evaluated after ‘‘0’’, 4, 8, 16, and 32 weeks. The 
sample containing 2% sugar was the most desirable in 
flavor, texture, color, and over-all acceptability. The 
data suggest that sugar served to protect the pickles 
against adverse color changes which occurred at the 
lower temperatures of storage. 

The pickles softened considerably with increasing 
time and temperature of storage except when main- 
tained at the two lowest temperatures. Refrigeration 
temperature (34° F.), however, caused an undesirable 
color development which had an inverse relationship 
to softening, suggesting that apparent color changes 
were alterations in cellular structure rather than 
changes in hue. Temperatures of 70° and 86° F. re- 
sulted in smaller quality changes than did tempera- 
tures of 34° and 98° F. The lowest quality was ob- 
served after 16 weeks of storage with little subsequent 
deterioration. 
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There were no significant effects of added sugar, 
time, or temperature of storage upon the total acidity, 
pH, salt content, or vacuum of the capped jars. Good 
positive correlation between shear-press values and 
texture scores was obtained. 
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Interrelationships of Subjective, Chemical, and 


Sensory Evaluations of Beef Quality ° 


(Manuscript received July 8, 1958) 


Feoenat BEEF GRADING is performed 
primarily to standardize beef and to give an estimate 
of the final eating qualities of the meat. In grading 
beef carcasses, quality factors are given primary em- 
phasis; conformation and finish are secondary con- 
siderations. It may be that criteria other than those 
now emphasized in beef grading merit inclusion in 
judging the eating quality of beef. To test this 
hypothesis, a study was initiated to determine the 
interrelationships of various subjective, chemical, and 
sensory evaluations of beef quality. The objective was 
to provide information as to what factors are most 
closely related to the final eating qualities of beef. 


EXPERIMENTAL 


Materials. A total of 334 beef carcasses were used. These 
eareasses represented choice, good and commercial (also 
standard) grades steer, heifer and cow classes, and the follow- 
ing eareass weight groups: 400-500 pounds, 600-700 pounds 
and 800-900 pounds (6). 

Methods. Carcasses were selected to fit the middle of the 
grade in conformation, finish and quality factors by a represen- 
tative of the U.S.D.A, Grading Service, who subjectively 
evaluated these carcasses with regard to fat covering, feather- 
ing, texture of lean, firmness of lean, color of lean, and bone 
ossification. Table 1 shows the seales by which these factors 
were evaluated. 

* This paper reports research undertaken by the Quartermas- 
ter Food and Container Institute for the Armed Forces, QM 
Research and Engineering Command, U. 8. Army, and has been 
assigned number 853 in the series of papers approved for 
publieation, 

"Present address: Clemson Agricultural College, Clemson, 
South Carolina. 


D. H. Kropf” and R. L. Graf 
Quartermaster Food and Container 
Institute for the Armed Forces, 
Chicago, Illinois 


Length of body, length of hind leg, and circumference of 
round were measured prior to cutting, as proposed in the Pro- 
ceedings of the Fifth Annual Reciprocal Meats Conference (7). 
Round index was ealeulated by dividing cireumference of the 
round by length of hind leg. Chilled carcass weight was ob- 
tained immediately prior to cutting of the careass. The car- 
rasses were cut 24 to 48 hours after slaughter. Two adjacent 
loin strip-steaks were removed, wrapped, and freezer stored at 
~—20° F. until randomly withdrawn for testing. One steak was 
used for determination of sensory acceptance, tenderness, 
flavor, and juiciness and the other for ether extract determi- 
nations and mechanical shear tests. 

Sensory evaluations were conducted by the Food Acceptance 
Branch, Food Division, Quartermaster Food and Container 
Institute for the Armed Forces. The nine-point hedonic seale 
was used to evaluate over-all preference (Table 2). Structured 
seales were used to evaluate sensory tenderness, flavor, and 
juiciness (Table 2). Numerical values were assigned to each 
point on these seailes. 

Ether extract determinations and mechanical shear evalu- 
ations were made. For the latter purpose, steaks were removed 
from the freezer and allowed to temper at room temperature 
for 45 minutes or until soft enough to remove cores. Six one- 
half ineh cores were removed from each tempered loin strip 
steak, the cores allowed to thaw completely, and then chilled 
at 40° F. for one hour. Core samples were cooked in a 158° F. 
water bath for exactly 3 minutes and then stored overnight at 
40° F. in a elosed container to preclude moisture loss. Shear 
values were obtained on a Warner-Bratzler shear machine. 

Ether extract of the loin eye was determined by the A.O.A.C. 
procedure (1). 

Average lot values for each of the 17 lots were determined 
and correlation coefficients were caleulated from these average 
values. 


RESULTS AND DISCUSSION 


Length of carcass, Length of carcass was found to 
possess a highly significant strength of relationship 
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EVALUATIONS OF BEEF QUALITY 


with texture of lean (r = —.77), bone ossification 
(r = —.76), and carcass weight (r = .84), and sig- 
nificant correlation coefficients with color of lean 
(r = —.49), sensory preference (r = —.55) and ether 
extract of the loin eye (r = .57). The longer carcasses, 
naturally, tended to be heavier and had reached a more 
mature stage of bone ossification. Longer carcasses 
(indicative of greater maturity) were found to have a 
coarser textured lean in the rib eye. Since muscle 
cells during growth and fattening primarily increase 
in dimension, not in number, then any increase in 
muscle mass should be reflected by an increase in 
muscle diameter. This would logically result in a 
coarser textured lean. Bone ossification also showed 
the same highly significant relationship to texture of 
the lean. This was in agreement with results of Hiner 
et al. (5), who studied muscles representative of each 
wholesale cut in vealers, cows, steers, and heifers and 
found a significant increase in fiber diameter with age 
in all museles studied. The largest increase in fiber 
diameter occurred in cattle between 500 and 900 
pounds live weight or 8 to 14 months of age. The 
relationship found between ether extract of the loin 
eye vs, length of carcass apparently was a result of 


TABLE 1 


Rating scales* for subjective factors 


Marbling Fat covering Color of lean 
Very Abundant Very Thick 
Abundant Thick 

Moderately Abundant Moderately Thick 
Slightly Abundant Slightly Thick 
Moderate Slightly Thin 
Modest Thin 

Small Amount Very Thin 

Slight Amount Extremely Thin 
Traces Devoid 
Practically Devoid 

None 


Dark Pink 

Very Light Cherry Red 
Light Cherry Red 
Cherry Red 
Moderately Dark Red 
Dark Red 

Very Dark Red 


Texture of lean Firmness of lean Bone ossification 


Very Fine Very Firm 

Fine Firm 
Moderately Fine Moderately Firm 
Slightly Fine Slightly Soft 
Coarse Soft 

Very Soft 
Extremely Soft 


Soft and Pearly White 
Slightly Ossified 
Moderately Ossified 
Nearly Completely Ossified 
Completely Ossified 


Very Coarse Hard and Flinty 


Extremely Coarse 


' Most desirable characteristics were given highest numerical scores; 
each carcass was rated as plus, average, or minus within appropriate 
word description. 


compensatory effect of Federal Grade Standards, i.e., 
a longer carcass probably needed more marbling to fit 
into a specified grade. 

Round index. Round index (ratio of circumference 
to length of round) showed a highly significant 
strength of relationship to fat covering (r = .89), 
subjective marbling (r = .87), firmness of lean (r = 
.90), color of lean (r = .66) and mechanical shear 
value (r = —.83). It also exhibited significant cor- 
relation coefficients to sensory tenderness (r = .53) 
and ether extract of the loin eye (r = .48). Thus, it 
appears that this ratio of plumpness of round to 
length of round was closely and directly related to 
carcass finish and quality, and, through these factors, 
also related to tenderness as determined by both 
sensory and mechanical means. 


TABLE 2 
Rating scales for sensory evaluations of steaks 


Numerical Sensory Sensory 
score acceptance flavor 


Sensory Sensory 

juiciness tenderness 

1 Dislike Extremely No 
Extremely Poor 


Extremely 
Juiciness Tough 


Dislike Very Slight Very 
Very Much Poor Juiciness | Tough 


Dislike Moderate 
Moderately Poor 


| Moderately 
Juiciness Tough 


Dislike Below Fair Much Slightly 
Slightly Above Poor Juiciness Tough 


Neither Like 
Nor Dislike Fair 


Extreme Slightly 
Juiciness Tender 


Like Below Good 
Slightly 


Moderately 
Above Fair Tender 


Like Very 


Moderately Good Tender 


Like Very Extremely 
Very Much Good Tender 


Like 


Extremely Excellent 


Subjective fat covering. Subjective fat covering 
was found to possess highly significant correlation 
coefficients with subjective marbling score (r = .84), 
firmness of lean (r = .87), sensory tenderness (r = 
.66), mechanical shear value (r —.79) and ether 
extract of the loin eye (r = .61) and significant 
strength of relationships to color of lean (r = .48) and 
sensory flavor (r = 48). Therefore, it was shown 
that external covering was closely related to quality 
factors such as marbling, lean firmness, color of lean 
and also to more final determinants of the eating 
qualities of beef mentioned above. 

Subjective marbling. Subjective marbling score was 
closely related to many other factors evaluated in this 
study. It showed a relationship (r = .74) to ether 
extract of the loin eye. This compares favorably with 
a value of .65 reported by Cover et al. (2), but both 
values appear somewhat low. Cover eft al. stated that 
ether extract meastires not only the fat seen as flecks 
of marbling but also that which occurs in deposits 
along seams of heavy connective tissues. This would 
not be called marbling. They also stated that ether 
extract values may be affected by deposits of fat too 
small to be seen as estimated marbling and by small 
amounts of ether-soluble substances which are not 
true fats. Marbling score also showed highly signifi- 
cant relationships to round index (r = .87), fat cover- 
ing (r = .84), firmness of lean (r = .90), carcass 
weight (r = .60), sensory tenderness (r = .62) and 
mechanical shear value (r —.79). A significant 
relationship of marbling to bone ossification (r = 
—.49) was found. This association of greater maturity 
with more extensive marbling may have been the re- 
sult of the compensatory effect employed in the 
application of Federal Grade Standards. 

Texture of lean, Texture of lean showed highly sig- 
nificant correlation coefficients with color of lean 
(r = .84) and bone ossification (r = .64) and a signifi- 
cant r of —.54 to mechanical shear value. Dark 
colored lean showed a tendency toward coarse tex- 
ture. This was not surprising since both effects were 
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TABLE 3 
Correlation coefficients of various subjective, chemical, and sensory evaluations 


Bone 


Texture Firmness | Color of ossifica- 


| oflean | of lean lean 
| (subj.) (subj.) | (subj.) 


Length — Fat 


Marbling 
covering 
index subj.) 


carcass (subj.) 


5 


| 

| 
= 
O38 


' Probability less than 5%. 
* Probability les sthan 1%. 


expected in more mature carcasses. Differences in 
lean texture of rib eye samples were found to have 
some effect on tenderness as measured by shear values. 
Similar results were achieved by Hiner et al. (5), who 
reported a correlation coefficient of .75 between muscle 
fiber diameter and shear force value for neck samples 
and a correlation coefficient of .31 for foreshank sam- 
ples. Correlation coefficients for other cuts of meat 
ranged between the values cited above. 

Subjective firmness of the rib. Subjective firmness 
of the rib eye muscle was found to be highly cor- 
related with sensory tenderness (r = .68), shear value 
(r = —.85) and ether extract of the loin eye (r = .65). 
Firmer lean tended to be more tender. Part of this 
effect may be explained by the fact that firmer lean 
tended to possess more marbling as shown by the high 
correlation coefficient with ether extract of the loin 
It was also closely related to subjective fat cover- 
ing score (r = .87) and subjective marbling score 
(r = .90). Therefore, firmness of lean may be im- 
portant partly because of its close relationship to 
finish and marbling. However, firmness of lean 
musele may be affected by ionic balance between inter- , 
and intra-cell ions which would affect the water- 
holding capacity of the muscle or juiciness of the final 
product. Wierbicki ef al. (10) implicated ionic rela- 
tionships and their role with regard to tenderness of 
lean muscle. Therefore, the fact that firmness of 
muscle was clearly related to tenderness seemed 
feasible. This factor may be difficult to evaluate 
objectively, but an accurate evaluation of firmness of 
lean may be of considerable value in estimating ten- 
derness of the final cooked product. Firmness of lean 
also showed a significant relation (r = .56) with color 
of lean. Perhaps the chemical state of meat pigments 
may be related to tenderness or firmness of muscle as 
well as to redness or darkness of color. Lean firm- 
ness may hold considerable promise as an indica- 
tion of tenderness. This relationship should be fur- 
ther exploited. 

Color of lean. Color of lean was found to have a 
highly significant strength of relationship with me- 
chanical shear value (r = —.74). This may have been 
primarily due to the close association of color with 
other factors related to tenderness. Wierbicki (8) had 
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previously reported that color had essentially no 
relation to tenderness. 

Sensory tenderness. Of all the factors tested, only 
length of carcass (r = —.55), carcass weight, (r = 
—.53) and sensory tenderness (r = .53) were signifi- 
cantly related to over-all preference. Loin strip steak 
from shorter, lighter carcasses were preferred. It 
was interesting to note that while tenderness had a 
significant correlation coefficient of .53 to preference, 
flavor and juiciness had non-significant correlation co- 
efficients of .43 and .17 respectively, to preference. 
Thus it appears that tenderness may have been the 
most important single sensory determinant of ac- 
ceptability. Hankins (4) had previously expressed 
the opinion that no meat attribute is a greater liability 
than toughness. Flavor tended to show a positive rela- 
tionship to preference, but juiciness showed a poor 
strength of relationship to preference in this study. 
However, juiciness appeared to contribute to tender- 
ness as shown by significant correlation coefficients 
both to sensory tenderness (r = .53) and to mechani- 
cal shear value (r = —.54). Greater juiciness was 
associated with greater tenderness. Griswold (3) 
achieved a correlation coefficient of .81 between flavor 
of lean and acceptability. However, since she used 
the cuts from only two prime and four commercial 
beef carcasses, her study did not represent the range 
of grades, classes, and weights as well as does the 
present study. She failed to report what relationship, 
if any, existed between tenderness and preference. 

Sensory tenderness vs. mechanical shear value 
showed a highly significant correlation coefficient of 
—.78. The negative value is explained by the fact that 
in scoring sensory tenderness, highest values indi- 
cated greatest tenderness. Carcasses with thicker fat 
covering and firmer lean tended to produce more ten- 
der cuts. Since these factors were closely associated 
with grade, it seemed that grade was related to 
tenderness. 

Sensory tenderness also was related to round index 
(r = .53) (apparently since round index was closely 
related to finish), fat covering (r = .66), firmness of 
lean (r = .68) and percentage ether extract in the 
loin eye (r = .54). Mechanical shear value showed 
similar but stronger relationships to these factors, in 
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addition was also correlated with marbling score 
(r = —.79), texture of lean (r = —.54) and color of 
lean (r = —.74). The shear values were more sensitive 
determinants of meat tenderness than the sensory 
values for which an 8-point structured scale was used. 
Therefore shear values showed stronger *eiationships 
to other factors than did sensory tezierness. Wier- 
bicki et al. (8) had previously reported that both car- 
cass grade and intramuscular fat of the Longissimus 
dorsi were related to tenderness at 3 days post mor- 
tem. This relationship became weaker after aging up 
to 15 days. 


SUMMARY 


Three hundred and thirty-four beef carcasses repre- 
senting a wide range of grades, classes, and carcass 
weights were used to determine interrelationships of 
various subjective, chemical and sensory deter- 
minations. 

As the beef animal matured, a pronounced ten- 
dency existed for carcass lean muscle to become more 
coarse textured and darker colored. 

A greater round index (ratio of circumference to 
length of round) was found to be closely related to a 
higher degree of finish (fat covering or marbling) 
and, through these factors, also related to tenderness. 

Fat covering was closely related to marbling, lean 
firmness, color of lean, tenderness, flavor and ether 
extract of the loin eye. 

Sensory preference had a correlation coefficient of 
.53 (significant at 5% level) to tenderness and cor- 
relation coefficients of .43 and .17 (non-significant at 
5% level) to sensory flavor and juiciness, respec- 
tively. Preference was significantly related to carcass 
length and weight. 

Tenderness of lean increased as external and in- 
ternal finish increased and as lean became firmer. 
Juiciness had a significant correlation coefficient of 
.53 to sensory tenderness. Mechanical shear values 
were highly related to sensory tenderness and ap- 
peared to be more sensitive as a measure of tenderness. 

Subjective marbling score vs. ether extract of the 


loin eye showed a significant correlation coefficient 
of .74. 
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Pectin Standardization 
Final Report of the IFT Committee“ 


Tue ANNUAL PRODUCTION of pec- 
tin is now well above six million pounds in the United 
States and substantial quantities are produced 
abroad. This industry serves mainly the needs of the 
jam and jelly manufacturers who in the United States 
alone produce over 600 million pounds of fruit 
spreads of various sorts annually. A major portion 
of the domestic pectin production goes into foods 
where the usefulness of the pectin depends on its gel 
forming ability such as in jams, jellies, preserves, 
marmalades, confectionery, and bakery items and the 
like. Although there have been recognized standards 
of performance on which the buyer and seller of 
pectin can agree, no widely accepted methods for 
preparing or evaluating test jellies from a_ pectin 
sample have ever been established. 


HISTORICAL BACKGROUND 


In 1947 the National Preservers Association recog- 
nized the need for such a standard and through a 
survey of its preserve industry members found that 
pectins offered for sale on the basis of identical jelly 
grade ” at times differed as much as 30% in effective- 
ness in actual usage. The Association thereupon as- 
signed to a committee the task of proposing a method 
by which the grade of pectin suitable for the manu- 
facture of jellies containing 65% soluble solids could 
be assessed, the intention being to agree on a generally 
acceptable procedure. 


A subsequent survey showed that members of the. 


Association used several methods of test jelly prepa- 
ration and a variety of equipment for the evaluation 
of test jellies. Of the instruments of measurements, 
the Tarr-Baker Delaware Jelly Tester (1) and the 
Exchange Ridgelimeter (8), shown in Figure 1, were 
thought to be giving the most reproducible results. 
Several manufacturers used other devices for meas- 
uring jelly firmness and determining grade. These 
included the Bloom Gelometer (4), various viscome- 
ters, weight-and-plunger devices, ete. and ‘‘experi- 
enced fingers.’’ Preservers indicated in this survey 
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that breaking strength was the most important attri- 
bute to characterize pectin jelly quality since they 
believed it to be most closely reflecting spreadability 
and shipping quality. 

Enter the IFT. At the Annual Meeting of the IFT, 
held in Philadelphia, Pa., in June, 1948, a group of 
people interested in pectin discussed the status of 
various methods and procedures used by manufac- 
turers of pectin for establishing its grade. It became 
clear from this discussion that no twe manufacturers 
used the same method of preparing test jellies or 
evaluating them. Many people felt that an article of 
commerce as important to the food industry as pectin 
should have a well-defined grade and that a repro- 
ducible and generally acceptable method for pre- 
paring and evaluating test jellies would be desirable. 
Others felt that the integrity of pectin manufac- 
turers assured the customer of a reliably uniform sup- 
ply. It was suggested at this meeting that the Presi- 
dent of IFT appoint a committee and charge it with 
the task of recommending a pectin jelly grade evalu- 
ation procedure which has a reasonable chance of 
acceptance by both manufacturers and users of 
pectin. Such a committee, in fact, continuing the 
effort initiated by the National Preservers Association 
and designated as the IFT ‘‘Committee on Pectin 
Standardization’’ was appointed late in 1948. It in- 
cluded representatives of 6 pectin manufacturers, 3 
additional pectin manufacturers who were users as 
well, 4 users of pectin, and 3 people from academic 
and governmental institutions with research experi- 
ence in this field. 

Under the chairmanship of Dr. J. J. Willaman, the 
task of the Committee was defined as ‘‘establishing a 


Figure 1. The Exchange Ridgelimeter, used for determining 
the firmness of pectin test-jellies. The specially calibrated 
“Ridgelimeter Glasses” are shown, with and without the tape 
“sideboards.” 
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standard method for grading pectin to be the basis 
and reference in the selling and buying of pectin for 
use in 65% soluble solids sugar jellies.’’ It was 
thought that there should be a single procedure to be 
used on pectin from citrus or apple, sold dry or in 
solution, rapid or slow set, jelly or jam type, and that 
this method should become eventually mandatory in 
the evaluation of pectin in commerce. Obviously, the 
manufacturer or preserver still could use any other 
test he wished in process control and all these methods 
could be correlated to a uniform single aceepted 
standard procedure. 


BRIEF SUMMARY OF THE COMMITTEE'S WORK 


It was the opinion of the Committee that the use of such a 
standard procedure would be commercially feasible and that 
manufacturers would eventually agree to abide by such evalu- 
ation of their product in commercial competition. Members of 
the Committee were then questioned concerning their opinion 
as to which of 6 recently proposed methods‘ of pectin evalu- 
ation they consider most suitable to serve as a starting point in 
a collaborative study. The methods were: (a), the Tarr-Baker 
Jelly Tester measuring breaking strength (1) as described by 
Baker and Woodmansee (2); (b), the Bender (3) and (c), the 
Mottern and Karr (13) modifications of the Delaware Tester; 
(d), the Mesehter and Lataillade (12) procedure of using 
jelly dises with a modification of the Delaware Tester; (e), the 
Owens, Porter, and Maclay modification (16) of the B.A.R. 
method (5) measuring the elastic modulus by the torque pro- 
duced by turning a blade immersed in the jelly; and (f), the 
Exchange Ridgelimeter measuring jelly sag as deseribed by 
Cox and Higby (8) and Joseph and Baier (10). The various 
attributes of these methods were listed under several categories 
such as whether the acid was to be added to the mixture which 
was boiled or to the glasses, the pH levels to be studied, the 
storage temperature for the jelly before firmness measurement, 
whether water, a salt solution, or fruit juice was to be used 
in the preparation of the jelly, the number of glasses of test 
jellies prepared, ete. Each of the methods was rated by Com- 
mittee members as to which one showed most promise as a 
starting point for testing. The tallying of the answers revealed 
a slight preference for the general procedure described by 
Joseph and Baier (10) both for the preparation of the test 
jelly and the testing the sag of the finished jelly. The majority 
of committee members also agreed to the eventual adoption of 
a method which was not their own as long as it satisfied the 
above stated requirements. 

The complexity of the problem became apparent at this 
point. Some Committee members felt that it was not possible 
to select a method of jelly strength measurement until the jelly 
characteristic on which the evaluation is based is more clearly 
defined. The methods before the Committee included measure- 
ments of top strength, bottom strength, slice strength by the 
Delaware Tester and its modifications, and rigidity measure- 
ments by the sag and torque methods and thus provided a wide 
choice of evaluation schemes. The problem of pH was more 
complex than simply defining the pH levels to be used in test 
jellies since one would have to decide whether the testing should 
be done at the optimum pH for the pectin which may or may 
not lie in the pH range of actual usage. If the test is made 
in the pH range of actual usage, one must decide if the pH of 
testing rapid-set and slow-set pectins should be identical or 
different. 

The Exchange Ridgelimeter was selected as the first test 
instrument to be used because it is rugged, compact, reliable, 
inexpensive, easy to use, and gives reproducible results. Some 
members accepted this choice with reservation since this instru- 
ment was not designed to measure some jelly characteristics 
sought by preservers. On the other hand, there was agreement 


* For a survey of test jelly evaluation methods see Meschter 
and Lataillade (12) and pages 480-503 in ref. (11). 


that this instrument, used in conjunction with a reproducible 
method of test jelly preparation, would give a reliable index of 
the sugar holding capacity of a pectin. However, results 
obtained by its use would not enlighten preservers as to the 
spreadability characteristies and might have limited application 
with produets in the higher pH range. In spite of these recog- 
nized limitations, the Ridgelimeter was selected as test instru- 
ment since no other method of evaluation met with any com- 
parable degree of acceptance. The Committee thereafter con- 
centrated its work on the ‘‘acid in glass’’ method and on the 
use of the Ridgelimeter for test jelly evaluation. 

It has been previously brought out by the National Pre- 
servers Association survey that preservers were interested not 
only in attaining uniformity in pectin grading but also in ob- 
taining information about the <haracteristies of the pectin in 
use under various conditions of pH and type of jelly. If the 
latter were to be included in the Committee’s work, the prob- 
lem would expand greatly beyond pectin grade assessment. 
It was also realized that many important characteristics of 
fruit jams and jellies such as spreadability, flavor, firmness, 
shipability, ete., can be altered at will and without involving the 
inherent jelly forming ability of the pectin used and that the 
assignment of this Committee was to study pectin standardiza- 
tion rather than the various properties of jellies and jams, 
important as these may be. 

In retrospect it is clear that the Committee’s first major 
experimental program was entirely too broad to yield signifi- 
cant results. It included the testing of one apple and 3 citrus 
pectins (all of 150 grade) at 3 pH levels (2.6, 3.1, and 3.5) 
and using water, Olsen’s buffer solution (15), depectinized 
currant juice and depectinized apple juice as media, The jellies 
were to be tested by each operator after standing for 1, 7, and 
30 days at room temperature. The results indicated that none 
of the tests gave readings of 150 grade after one day’s standing 
and that no constant grade was obtained even after 30 days. 
In many tests no jelly was obtained at all, particularly with 
slow set pectin. The variations in the results obtained by dif- 
ferent operators were large. On one of the pectin samples, for 
instance, the grade obtained ranged from 120 to 150. 

Sharper definition of procedure sought. Thus, it became 
apparent that the conditions of test jelly preparation and test- 
ing must be much more exactly defined. Clearly, the pH was 
a critical item and it was considered unwise to test pectins at 
jelly pH values above 3.0 since above this value the results 
became more erratic. The strength cf the jellies increased 
upon standing, the jellies having pH values above 3.0 showing 
more gain than those being below pH 3.0. These results seemed 
to give credence to the theory that test results of the ‘‘acid in 
glass’’ procedure at pH below 3.0 would give more reliable 
results in one day than at higher pH values. The majority of 
Committee members felt that comparable uniformity could 
not be obtained in the ‘‘use’’ range of pH 3.0 to 3.4. The 
opinion has been also expressed that the Ridgelimeter evaluated 
apple pectins unfairly because of the apparent greater elas- 
ticity of the jellies. Such pectins might produce higher 
Delaware Jelly Tester breaking strength values per unit of sag 
than jellies produced with some citrus pectins. Evidence to 
support this theory was brought to the attention of the Com- 
mittee by the appearance of Christensen’s article (6). This 
point was not resolved and the Committee’s work continued 
with full recognition that such factors might cause disagree- 
ment. Results of Ridgelimeter measurements on jellies of pH 
2.4 could in some measure be evaluated for use value. Since 
preservers do not usually expect pectins to operate identically 
with fruit juices of various pH values, the optimum pH value 
and satisfactory operating range of the pectin would have to 
be determined by other means anyway. Therefore, the Com- 
mittee decided to work toward the refinement of a method to 
obtain a reproducible, ‘‘acid in glass,’’ Ridgelimeter-evaluated 
jelly. It was agreed that, for the present, no reference would 
be made to ‘‘grade’’ since this factor could not be established 
until a reproducible method would allow its assignment. 

In 1953, Meschter succeeded Willaman as the Committee’s 
Chairman, At the IFP'T Annual Meeting in Boston in that year, 
the Committee decided to ask Joseph of the Research Depart- 
ment of Sunkist Growers to write up a set of precise instruc- 
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tions for jelly preparation and testing. This method (6-53) 
was tested by all Committee members in their respective labora- 
tories. The results were encouraging and a second pectin 
sample was then tested. After all observations were sum- 
marized and evaluated, Joseph was requested to rewrite method 
6-53, ineorporating the various suggested refinements. This 
method, designated as 5-54 (May, 1954, see Appendix) was 
tested by the Committee members on several samples, including 
citrus and apple pectin. 

On the basis of the results obtained, the Committee believed 
that the reproducibility obtained was the practical ultimate of 
the Committee ’s pectin testing effort. The agreement between 
tests conducted in 15 laboratories was excellent. On the last 
two pectin samples (one citrus and one apple pectin) tested, 
the average sag values were 24.72% and 23.35%. The ranges 
of measurements were only 24.0%-25.7% in one case and 
22.7%-24.6% in the other. The ecaleulated standard deviation 
was 0.513 for the first set of data and 0.447 for the second. 
The standard error of the mean was only 0.185 for the citrus 
pectin and 0.172 for the apple pectin. This precision is con- 
sidered entirely adequate for commercial application. 

In a diseussion of these results, the Committee agreed to dis- 
eontinue further testing since it was believed that the neces- 
sary precision in the method has been attamed and it was 
deemed unnecessary to improve on the method of test jelly 
preparation and evaluation. It was also agreed that further 
work of the Committee is not likely to resolve the controversial 
points in jelly grade evaluation and that it was unlikely that 
sufficient continued interest could be maintained to arrive at a 
similar refinement in the evaluation of jelly breaking strength 
measurements. Therefore the Committee agreed that its ac- 
tivity should be terminated and requested Chairman Meschter 
to prepare a report on the Committee’s work and aecomplish- 
ments. 


DISCUSSION 


Method 5-54 (see Appendix) developed by the 
Committee is a reliable and reproducible procedure of 
considerable exactness for evaluating one characteris- 
tie of pectins, namely, the sugar holding capacity as 
measured by the sag of the test jelly. It fails to give 
information on the optimum or the operative range 
of pH. It fails to describe the surface strength of the 
jelly or to evaluate the usefulness of the pectin in 
certain kinds of jellies at various pH values. Thus 
it does not give information on several points of in- 
terest to preservers. As the result of its experimental 
work and deliberations, the Committee recognizes the 
great difficulties of finding any simple test procedure 
which will indicate the usefulness of the pectin under 
more than a few of the countless conditions which 
pectins meet in actual commercial use. Some pre- 
servers add pectin to the batches of jelly in the dry 
form, others add it in solution. Some use vacuum 
pans for cooking at low temperatures, others use high 
temperatures in open steam or in direct-fired kettles. 
Some use naturally hard water, others soft. Some 
attain firm sets in their product, others favor a more 
delicate set. Some add acid in the batch, others add 
acid in the glass. The rate of product cooling varies 
in different plants. Even in the same variety of pre- 
serve, tartness and sweetness are not uniform from 
plant to plant. Thus it seems impossible, at this time, 
to give a simple, exact definition of ‘‘use conditions.’’ 

Nevertheless, the Committee feels that method 5—54, 
while not necessarily the best, is a procedure which 15 
operators found easy to reproduce with sufficient 
exactness on 5 different types of pectin samples and 
is regarded as a reliable measure of the sugar holding 
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capacity of any pectin suitable for the manufacture 
of fruit jellies containing 65% soluble solids. 

Since the conclusion of the Committee’s laboratory 
work, Olliver and coworkers (14) in England pub- 
lished a test method for use in that country. It speci- 
fies a final soluble solids concentration of 70.5% = 
0.5% and a pH of 3.10 + 0.05, conditions which per- 
tain particularly in the English preserving industry. 
The Ridgelimeter, used in method 5—54, is specified as 
the test instrument by the British Committee on 
pectin standardization. This principle of sag meas- 
urement has been also accepted in the Netherlands 
(9). Denmark has no officially accepted method but 
Kgbenhavns Pektinfabrik (7) applies solely firmness 
grade sag method for their domestic and export sale. 


SUMMARY AND RECOMMENDATIONS 


The purpose of this final report is to summarize the 
activities of the Committee over a ten-year period, 
pointing out its accomplishments and failures. It is 
hoped that this report will serve as a stepping stone 
for some future group continuing this work. 

Procedures for making and evaluating test jellies 
have been developed and tested. In the Committee’s 
view, Method 5-54 (see Appendix) is suitable for the 
objective and exact determination of the jelly grade 
(sugar holding capacity) of pectins sold for the manu- 
facture of 65% soluble solids jellies. 

It is recommended that this method, designated as 
**Method of the IFT Committee on Pectin Stand- 
ardization,’’ be recognized as a proposed standard 
procedure for the grade evaluation of pectins sold for 
the manufacture of 65% soluble solids jellies. Infor- 
mation obtained by this method will be helpful in the 
evaluation of a variety of different pectin products. 
The Committee recognizes the fact that pectin evalu- 
tion by Method 5-54 does not give all the informa- 
tion sought by preservers using pectins in different 
products of widely varying properties and require- 
ments. 
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APPENDIX 


METHOD 5-54 OF THE IFT COMMITTEE ON 
PECTIN STANDARDIZATION 

This procedure is based on the method described by 
Cox and Higby, in Food Inds., 16, 441 (1944) and 
Joseph and Baier, Food Technol., 3, 18 (1949). The 
instructions given below are complete for the prepara- 
tion of the test jellies and for the measurement of test 
jelly sag. 


A. Preparation of Jelly 


Caleulate the weight of Pectin to use by dividing 650.0 by 
the value of an assumed firmness grade (a) for the Pectin. 


(a) Jellies produced by this Method should contain 
650.0 g. of total soluble solids in 1000.0 g. of jelly. The 
ratio of the actual weight of total soluble solids in a 
particular jelly to the weight of Pectin in that jelly is 
defined as the ‘‘assumed grade’’ for the Pectin, in that 
specific jelly. Hence, the weight of Pectin to use in a 
jelly is given by the expression: 650/assumed grade. 


Weigh into a dry container the amount of sugar needed which 
will be 650.0 minus the weight (to the nearest gram) of Pectin 
used. (b) 


(b) Examples: Suppose one assumed a ‘‘ firmness 
grade’’ of 150, then 650/150 or 4.33 g. would be the weight 
of Peetin to use and 650-4 or 646 would be the grams of 
sugar to use. The sugar should be the finely granulated 
type made for table use, where about 75% is within the 
band of 35—80 mesh. 


Transfer about 20-30 g. of the weighed sugar into a dry 
150 ml. beaker and add the weighed Pectin sample. Mix the 
Pectin and sugar thoroughly in the small beaker by stirring 
with a spatula or glass rod. 

Put 410 ml. of distilled water into a 3-quart stainless steel 
sauce pan (¢) containing a stainless steel potato masher (d) 
r for stirring. (The sauce pan and stirrer should have been tared 


previously, on a seale or balance). 

(ec) EKCOWARE 3-qt. stainless steel pan No. 7323, 
FLINTWARE 3-qt. pan No. 7623 or REVERE 3-qt. cop- 
per-clad pan No. 1403 are excellent examples of pans 
suitable for this purpose. 

(d) A FLINT stainless steel potato masher No. 1905 
made by EKCO Products Company, Chicago 39, is ideal 
for stirring and skimming Pectin test jelly batches. 


The pectin-sugar mixture is now poured into the water all at 
onee (e) then gentle stirring is started and continued for 


about 2 minutes. 


(e) The object here is to get the sugar-pectin mixture 
under the surface of the water as quickly as possible. 
When hot water is used the sugar dissolves too quickly 
and the pectin tends to stay on the surface and stick to 
the sides of the pan. Avoid splashing when stirring so 
pectin is not seattered to upper parts of pan. Just before 
the pan is put on the heater or stove any traces of pectin- 
sugar remaining in the small beaker should be transferred 
to the jelly batch. 
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The jelly kettle or sauce pan is then placed on a stove and 
heated until the contents come to a full rolling boil, stirring 
being continued during this period. The remaining sugar is 
added and heating and stirring continued until the sugar is 
dissolved. Heating is continued until the net weight of the 
jelly batch is 1015.0 g. (f). 


(f) The gas or electric stove should be adjusted so that 
the entire heating time for the jelly is 5-8 minutes! When 
an electric stove is used it should be preheated. The 
stirrer is to be left in the kettle during the cooking and 
weighing period. If the batch weighs less than 1015 g., 
distilled water is added in slight excess so that additional 
boiling will be necessary to reduce the net weight to 1015 g. 
The amount of water used at the start should be adjusted 
by each operator so that the entire heating time is kept 
within the 5-8 minute range. 


After the 1015-g. batch is removed from the balance or scale, 
it is allowed to sit undisturbed on the desk-top for one minute, 
then the pan is tipped so that the contents are nearly ready to 
overflow, and any foam or scum is quickly skimmed off. The 
stirrer is removed and a thermometer is put into the jelly batch. 
While the kettle is tipped the batch is stirred gently with the 
thermometer until the temperature reaches exacly 95°C. The 
batch is then poured quickly into three previously prepared 
Ridgelimeter glasses, each containing 2.0 ml. of tartaric acid 
solution. (g) 


(g) Acid Solution: The acid solution should be made by 
dissolving 48.80 g. of tartaric acid crystals in distilled 
water and making up to a total volume of 100.0 in a volu- 
metric flask. 


Preparation of Glasses: The Ridgelimeter glasses are 
Hazel-Atlas No. 85 tumblers which have been ground down 
so that the inside height is exactly 3.125 inches, Seotch 
drafting tape or Mystik masking tape, % inch wide and 
91% inches long is used to make sideboards on each glass. 
The strip should cover the top 4 inch of the glass and 
must extend % inch above the glass. Squeezing the tape 
against the glass, especially under the flange near the top 
of the glass, will insure a tight seal which will not leak hot 
jelly. 

Cooling to 95° C.: Pectins whose jellies set at different 
rates are difficult to grade precisely unless their jellies are 
poured at some very definite and constant temperature. 
This fact was recognized by Stuewer, Beach and Olsen in 
1934 (Ind. Eng. Chem., Anal. Ed., 6, 1943) when they said, 
‘*Observations made here indicate that most of the diffi- 
culties involved in the routine evaluation of apple pectin 
jellies may be obviated by the simple expedient of pre- 
paring the jelly mixture without acid, adding an excess of 
acid to the glasses, and pouring the jelly mixture into these 
at exactly 96° C.’’ 

It is known that the acid concentration (by titration 
and by pH) as well as the soluble solids can differ from 
top to bottom in a glass of jelly, even when the acid is 
added to the batch before it is poured. The differences in 
acidity are too small to be significant when the pH is below 
about 3.0. 


Pouring the Jelly: A glass rod should be in only one of 
the jelly glasses. When the jelly batch has cooled to 95° C. 
it is poured in the first glass as rapidly as is consistent 
with reasonably accurate filling, the jelly being stirred 
vigorously with the glass rod only during filling, but no 
longer. The glass rod is put into the second glass, pouring 
is done as before, ard so on for the three glasses. It is 
best to pour very rapidly until the glass is filled part way 
up the sideboards, then to pour more slowly so that the 
glass can be filled completely full to the point of over- 
flowing. There is ample evidence to show that the 2.0 ml. 
of acid gets suitably mixed in the glass of jelly when rapid 
pouring is done as mentioned above. 


About 15 minutes after the glasses are filled they are covered 
with their regular metal lids which can be fitted snugly over 
the ‘‘sideboards.’’ The jellies should be stored 20-24 hours, 
at 25° C.+3.0° C. (h 


(h) If room temperature is outside the range of 
28° C., allow the jellies to cool to about 30°-35° C. then 
put them into an ineubator at 25° + 3° C, for 20-24 hours, 
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B. Measurements on the Test Jelly 


1, Determination of the Jelly Sag 


After the jellies have been stored for 20-24 hours, the lids 
are removed from the glasses and the tape strips torn off. A 
tightly stretched wire, clean and wetted (cheese cutter fur- 
nished with the Ridgelimeter) is carefully drawn across the top 
of the glass while the latter is held upright and is turned slowly 
part way around, so that a smooth cut is made to remove the 
layer of jelly projecting above the top of the glass. The de- 
tached top layer is carefully removed and disearded. 

The jelly is turned out of the glass into an inverted position 
on a plate glass square furnished with the Ridgelimeter. This 
is accomplished by holding the glass tilted at about a 45° angle 
while the point of a spatula is inserted between the top of the 
jelly and the glass, to start the separation of the jelly from the 
glass. The jelly should pull away from the glass while the 
latter is rotated slowly, without further aid from a spatula. 
The glass is quickly and carefully inverted just above the glass 
square in such a way that the jelly slides out and stands up- 
right near the center of the glass plate. Do not drop the jelly 
onto the plate! 

A stopwatch is started as soon as the jelly is on the glass 
plate. If the jelly leans slightly to one side, this usually can 
be eorrected by gently tilting the glass plate away from the 
direction in which the jelly leans. The plate and jelly should 
now be placed carefully on the base of the Ridgelimeter so 
that the jelly is centered under the micrometer screw, which 
then should be serewed down near to the surface of the jelly. 
(The Ridgelimeter should be used only on a level desk or 
table.) 

Two minutes after the stopwatch was started, the point of 
the micrometer screw is brought just into contact with the top 
jelly surface. Illumination should be arranged so that contact 
of the micrometer tip with the jelly surface can be observed 
easily. The lowest line on the vertical scale beyond which the 
lower edge of the circular micrometer head has passed, is the 
per eent and the number on the micrometer head nearest the 
vertical seale denotes the tenth of a per cent sag. The Ridgel- 
imeter reading is recorded only to the nearest 0.1 (j) 

(j) Cheek of Ridgelimeter Calibration: A % inch brass 
rod exactly 2.500 inches in length may be used to check 
the Ridgelimeter scale and must be used to adapt the in- 
strument for using new glass plates. A slight shift in the 
vernier and/or in the seale, or use of a glass plate other 
than the one originally sent out with the instrument, can 
result in unreliable readings. It is easy to check the instru- 
ment by standing the 2.500 inch gauge rod upright on the 
glass square, under the tip of the micrometer screw. When 
the tip of the serew is in gentle contact with the gauge 
rod, the instrument should read exactly 20.0. Both the 
vertical seale and the vernier knob can be reset so the 
instrument does read exactly 20.0 when checked with the 
2.500 inch rod as just described. Occasional checking by 
this method is recommended to insure that the scale set- 
tings remain fixed. 


When Ridgelimeter readings on different glasses from the 
same jelly batch differ more than 0.6, the batch should be 
remade. 


2. Determination of Soluble Solids and pH of Jelly 


After the second glass poured has been tested on the Ridgel- 
imeter, cut it into halves lengthwise and remove a small portion 
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from the center of the jelly and spread it quickly over one of 
the refractometer prisms. Quickly close the refractometer, 
firmly, and after about a minute or so, read the instrument, 
recording also the temperature of the prisms (the water circu 
lating through the instrument) so that later corrections can be 
made for getting the soluble solids at 20° C. by the table of 
corrections in the appendix of Methods of Analysis, (k) 8th 
Edition, page 886, Assoc. Offic. Agr. Chemists, Wash., D. C. 
1955. 

(k) When the soluble solids content of these test jellies 
is as much as 1.0 unit from 65.0% at 20° C., serious errors 
must have entered into the method of making the jellies. A 
spread of + 1.0% soluble solids can mean an error of + 5 
to 4% in jelly grade, a larger error than is involved with 
ordinary use of the Ridgelimeter. It is necessary, there- 
fore, to get correct soluble solids readings by being careful 
that samples for testing are always taken quickly from an 
unexposed jelly surface, and that temperature is given due 
consideration. 

Mention was made in Note (g) that the acidity and 
soluble solids may vary from top to bottom of a glass of 
jelly, regardless of whether or not acid was in the batch 
or in the glass. These variations are too small to be of 
consequence when the pH is considerably below 3.0, as in 
the present method, and they vary in magnitude and even 
in direction, from one pectin type to another. 


The pH ean be determined by taking a portion of jelly from 
the center of the second glass and crushing it into a small 
beaker where a glass electrode system may be inserted into the 
jelly mass. If the pH equipment is in suitable condition a valuc 
accurate to a few hundredths of a pH will be attained in a few 
moments, 


C. Calculation of Jelly Grade of the Pectin 


Although Method 5-54 was developed by the Com- 
mittee specifically for cooperative testing of the re- 
producibility of the test jelly preparation and sag 
measurement, it might be desirable to describe briefly 
the calculation of the Pectin jelly grade from the 
sag measured. 

The Cox-Higby method assumes a jelly sag of 
23.5% as ‘‘standard firmness.’’ From the sag meas- 
urements as described above, the true grade of the 
test Pectin (as contrasted with the ‘‘assumed grade’’ 
discussed in points a and b) may be ascertained by the 
use of a curve given by Cox and Higby in their publi- 
cation. The relationship between ‘‘assumed grade’’ 
and the factor to obtain ‘‘true grade’’ is represented 
by a very slightly S-shaped curve. In the absence of 
this curve, the nearly linear relationship allows an 
approximation by dividing the per cent sag as read on 
the Ridgelimeter by 23.5, and subtracting this value 
from 2.0. When multiplying the ‘‘assumed grade’’ of 
the test Pectin by this latter factor, the approximate 
‘true grade’’ is obtained. However, the curve in the 
Cox-Higby article (quoted above) will give more 
exact results. 
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Some Factors Influencing Radiation Induced 


Chemical Changes in Raw Beef 


(Manuscript received March 12, 1959) 


Ixvesrications into the possible 
application of beta or gamma radiation for the sterili- 
zation of fresh meat and meat products have indicated 
that, although a sterile product can be obtained, the 
radiation dosage required for sterilization causes a 
number of undesirable changes which include off- 
odors and off-flavors. 

Previous research at our laboratory led to isolation 
and identification of some of the compounds responsi- 
ble for off-odors (1). Methods were developed and 
existing methods adapted to estimate some of the 
chemical changes that occurred when fresh beef was 
irradiated. Among these changes were increases in 
hydrogen sulfide, methyl mercaptan, acid-soluble car- 
bonyl compounds, and pH. The disappearance of 
glutathione and glycogen was also followed. Results 
from earlier experiments suggested that sample dif- 
ferences, such as age, grade, and storage temperature 
affected the degree of chemical change occurring dur- 
ing radiation. 

Studies were made to ascertain the influence of pre- 
and post-irradiation storage time and temperature, 
variations of radiation desage, and grade of beef. 
After completion of the first study, the experiment 
was replicated. 


EXPERIMENTAL PROCEDURES 


Paired beef ribs and short loins were obtained from a local 
meat packing plant immediately after chilling. U. 8S. Grades, 
prime, good, and utility were chosen to obtain different fat 
levels. Moisture, fat, and protein contents are listed in Table 1. 
Sections of rib and loin of each grade were aged for 3 weeks 
at 0, 35, and 45° F. prior to sample preparation and irradiation. 
Only the Longissimus dorsi musele was used. After being 
stripped of all extraneous fat, it was passed 3 times through a 
food chopper fitted with a fine plate. Individual samples were 
weighed and placed in glass vials. After irradiation, certain 
designated samples were stored for 3 months at 35, 60, and 
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90° F. In order to minimize the number of samples to be 
analyzed, the experimental design was based on an incomplete 
square for future analysis of variance. 

Samples were irradiated in the gamma source at Argonne 
National Laboratory, Lemont, Illinois. 

Analyses for hydrogen sulfide followed the procedure as 
described by Marbach and Doty (2), and methyl mercaptan 
according to Sliwinski and Doty (3). Acid-soluble carbonyls 
were estimated by a modification of the procedure of Lappin 
and Clark (4) as described by Batzer et al. (5). Glutathione 
was determined by the method of Grunert and Phillips (6) 
after electrolytic reduction according to Dohan and Woodward 
(7). Glyeogen estimations were made using the procedure of 
Carroll et al. (8). pH measurements were made on a slurry of 
meat and distilled water. : 

The amount and kind of heme pigments present in the sam- 
ples were analyzed by making an extraet with a weight of 
water equal to the weight of the sample, allowing the slurry to 
stand in the cold for 2 hours and then centrifuging. All colored 
components were extracted by this procedure with the exception 
of a few minor insoluble pigments. The resulting clear super- 
natants were then diluted one to three with a potassium 
chloride solution so that the final salt concentration was about 
0.1 molar to stabilize the heme pigments. Spectra of the solu- 
tion were plotted by a Beckman DK _ recording spectropho- 
tometer. 

A consumer type panel of 18 members rated randomly 
selected samples from each treatment in both experiments on 
the 9-point hedonie seale. 


RESULTS AND DISCUSSION 


Observations on the gross changes in color, odor, 
and texture were as follows: A sulfide or mereaptan- 
like odor was predominant in all grades at all aging 
temperatures after irradiation at 2 megarad. At 4 
megarad, a ‘‘wet grain’’ type odor was dominant. 
The samples at 8 megarad had a slight burnt odor 
along with the ‘‘wet grain’’ type. Aging, especially 
at higher temperatures, produced a soft texture at low 


TABLE 1 
Proximate analysis of meat samples 


Grade of meat Moisture Protein 


Experiment 2 
Good.. 
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radiation dosages (2 and 4 megarad), but at 8 mega- 
rad the texture was somewhat rubbery. In all these 
samples the color was a darker red than the unirradi- 
ated controls. 

After 3 months storage at 35° F., the odor at 2 
megarad was that of the ‘‘wet grain’’ type with a 
trace of the sulfur type present. At higher dosages 
and higher storage temperatures the samples were 
very rubbery in texture, with considerable quantities 
of drip, and had a ‘‘barnyard’’ odor. The color was a 
light tan both on the surface and internally, with the 
exception of those samples which received an 8 mega- 
rad dosage and stored at 90° F. where the surface 
was a greenish black. The cause for the formation of 
this unusual color cannot be definitely stated, but was, 
at least in part, due to the effect of storage tempera- 
ture. Only the samples which received an 8 megarad 
dosage and stored at 90° F. had the greenish black 
surface color. Samples which received the same radi- 
ation dosage but stored at 35° and 60° F. were light 
tan in color. 

Although the amount of heme pigment obtained by 
extraction varied between the three grades of meat, 
there was no positive correlation between grade and 
pigment. Results of the factors studied showed no 
significant differences between grades. Of these fac- 
tors studied, only irradiation dosage and storage at 
90° F. had any important effect on the heme pigments. 
Since the results for 3 grades are substantially the 
same, only the results for the good grade are pre- 
sented (Table 2). 

Effects of irradiation could be classified as 3 types 
which correlated well with dosage: 1) At 2 megarad, 
little or no effect on the basic keeping qualities of the 
pigments. 2) At 4 megarad, sterilization of the sam- 
ples resulting in good color stability. 3) At 8 megarad, 
sterilization plus color destruction. 

In the controls and in about half of the samples 
irradiated at 2 megarad, the pigments changed from 
the original oxymyoglobin to mixtures of pigments 
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containing 25 to 90% metmyoglobin when stored at 
35 or 60° F. This change is due either to some bac- 
terial action or to the conversion of oxymyoglobin to 
metmyoglobin which oceurs at low oxygen tensions 
and (9) which has been shown to develop as a result 
of cell metabolism in an air-tight system. At 4 megarad 
and, in some cases, at 2 megarad a bright red pigment 
was formed, similar to oxymyoglobin in spectral char- 
acteristics, which proved to be stable upon subsequent 
storage at 35 or 60° F. Pigment loss upon irradiation 
or storage of these samples was very slight, being on 
the average less than 5%. 

At 8 megarad about 30% of the heme pigments 
were destroyed regardless of grade or pre-irradiation 
storage, but the remaining pigments were all of a 
satisfactory stable red color. af 

Post-irradiation storage at 90° F. proved to have 
the geatest effect on the heme pigments. None of the 
irradiation dosages given prevented extensive loss of 
pigment, which amounted from 50 to 80% with the 
greater losses occurring at higher irradiation dosages. 
If the storage losses of pigment are compared with the 
amount of pigment remaining immediately after 
irradiation, the pigment losses are about equal for all 
samples stored at 90° F. No significant differences be- 
tween storage at 35° or 60° F. could be noted except 
that an occasional sample stored at 60° F. would con- 
vert to metmyoglobin when irradiated at 4 megarad. 

Pre-irradiation aging, although it did result in 
some (0-10% ) loss of pigment, had no major effect on 
the type or amount of pigments produced by irradi- 
ation. The pigment in samples aged at 45° F. was 
generally bright red (oxymyoglobin) but that in sam- 
ples aged at 0° or 30° F. was a mixture containing 
50-60% metmyoglobin. Regardless of the pre-irradi- 
ation pigment distribution, irradiation resulted in the 
production of the bright red irradiated pigment. 

The spectra of the extracts immediately after ir- 
radiation showed a small peak or shoulder at 616 my 
indicative of a small amount of irradiation-produced 


TABLE 2 
The effect of irradiation on the kind and quantities of heme pigments of good grade beef 


subjected to various pre- and post-irradiation treatments 


Aging conditions Storage 


Irradiation dosage X10* rad 


Time Temp. 
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months | °F. 


Time 
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Esso/ Exes where Esw is the measure of the red irradiation-produced pigment and Esos measures the amount of metmyoglobin. 
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RADIATION INDUCED CHEMICAL CHANGES IN BEEF 


TABLE 3 
The effect of irradiation on the amount of hydrogen sulfide from beef of different grades 


subjected to various pre- and post-irradiation treatments 


| Aging conditions Storage conditions 


Temp. 


Time 
months | 


Time 


Temp. 
weeks °F 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


Utility 


1 Experiment number. 


sulfmyoglobin (10). Upon aging at any temperature, 
this green pigment was no longer extractable, but the 
insoluble material left from the extraction had a faint 
greenish tinge. 

From these results, the main effect of irradiation 
would appear to be in the production of a red pigment 
which is more stable to alteration or destruction either 
because of its own inherent stability or because of the 
conditions in the irradiated sample. The principal 
routes of heme pigment destruction do not appear to 
be of bacterial origin since irradiation sterilization of 
the samples does not appreciably decrease the exten- 
sive destruction of heme pigments which occurs upon 
90° F. storage. This is further substantiated by the 


ug./g. 


0.00 
0.04 
0.00 
0.08 
0.00 


0.00 
0.00 
0.80 


0.00 
0.04 
0.02 
0.02 


0.00 
0.00 
0.00 


Irradiation dosage X10* rad 


2.0 


observation that pre-irradiation storage at 45° F. does 
not appreciably decrease the amount of extractable 
heme pigments in spite of extensive bacterial growth. 
The principal deleterious effect on meat color due to 
irradiation is in the destruction of heme pigment, 
especially at sterilizing dosages, but the per cent de- 
struction is usually so small as to be insignificant. 

A compilation of the analytical results obtained is 
given in Tables 3 to 5. Examples of the changes in 
glycogen content and of pH are given in Tables 7 and 
8. These results were not amenable to statistical 
analysis, because, for glycogen, all values were zero 
after 3 months’ storage, and for pH the changes were 
too small. 
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TABLE 4 
The effect of irradiation on the amount of methyl mercaptan from beef of different grades 
subjected to various pre- and post-irradiation treatments 
Aging conditions Storage conditions Irradiation dosage X10° rad 
Grade Time Temp. Time Temp. 4.0 
weeks °F. months °F. rr 2 1 2 1 ° 1 2 
Prime 0 0 0.08 0.00 0.69 0.27 1.18 1.18 2.04 1.34 
3 0 0 e 0.05 0.13 0.71 1.07 
3 35 0 a 0.07 0.00 1.47 1.69 
3 45 0 tase 0.10 1.65 0.55 1.07 
0 pus 3 0 0.13 0.25 
0 8 35 0.26 0.20 0.44 0.63 0.88 1.20 
0 3 60 0.33 0.35 0.46 0.44 0.74 0.60 
0 3 90 0.40 0.40 0.50 0.35 0.44 0.46 
8 0 8 0 0.10 0.00 
q 35 3 0 0.00 
3 45 3 0.95 
3 0 3 35 0.63 0.54 
§ 35 3 35 1.18 1.10 
3 45 3 35 0.39 0.60 
3 } 0 3 60 0.28 0.33 
3 35 4 60 0.54 0.63 
3 45 8 60 0.25 1.75 
3 0 8 90 0.63 0.14 
3 | 35 3 90 0.80 0.15 
3 45 3 90 0.75 1.67 
Good 0 0 hits 0.49 0.00 1.25 0.25 2.11 0.68 3.19 1.52 
0 0.23 0.00 4.09 2.60 
3 35 ao eee 0.28 0.06 1.56 0.45 
3 | 45 0 aioe 0.34 0.00 2.44 1.44 
0 cose 8 0 0.00 0.33 
0 al 3 35 0.23 0.20 0.63 0.46 1.20 1.03 
0 fon 3 60 0.26 0.20 0.40 0.33 0.78 0.54 
0 —_ 3 90 0.40 0.33 0.50 0.25 0.50 0.54 
3 | 0 3 0 0.10 
3 | 85 | 3 0.00 0.10 
3 | 45 3 0 0.20 
8 0 3 35 1.16 1.28 
3 35 3 35 0.22 0.22 
3 45 3 35 1,18 0.50 
3 0 3 60 0.70 0.85 
3 35 3 60 0.26 0.38 
3 45 3 60 0.46 0.23 
3 i) 3 90 0.34 0.60 
3 35 3 90 0.36 0.14 
3 | 45 3 90 0.36 0.33 
Utility “yee 0 _ 0.06 0.33 0.77 0.88 1.84 141 2.74 2.08 
3 0 i) 0.14 0.00 1.03 0.46 
3 a 0 0.18 0.13 2.21 1.40 
3 | 45 0 ai 0.21 0.06 3.34 2.15 
0 0 0.16 0.00 
0 3 35 1.51 0.33 2.76 0.40 1.95 1.00 
0 3 60 1.65 0.20 1.28 0.33 1.59 0.58 
0 = 3 90 0.56 0.15 0.60 0.13 0.23 0.40 
3 | 0 3 0 0.05 
3 | 35 3 0 0.13 
3 | 45 3 0 0.20 0.15 
3 0 3 35 0.26 | 0.63 
3 | 365 3 35 0.45 0.95 
3 | 45 3 35 2.10 1.63 
3 0 3 60 0.30 0.13 
3 35 3 60 0.76 0.34 
3 | 45 3 60 1.24 0.73 
3 | 0 3 90 0.41 0.05 
| 3 35 3 90 0.64 0.23 
3 45 3 90 1.75 0.42 


Experiment number. 


On examination of these results, certain trends were 
discernible. Increases were observed in hydrogen 
sulfide, methyl mercaptan, acid-salt soluble carbony! 
compounds, and pHi attributable to irradiation treat- 
ment. The glutathione and glycogen content decreased 
in all grades with increasing dosages. Pre-irradiation 
aging, with some exceptions, generally resulted in 
lower values for hydrogen sulfide, whereas methyl 
merecaptan values were somewhat higher. Small in- 
ereases in pH also occurred. Pre-irradiation aging 
effects on glutathione were not consistent, but gluta- 
thione generally increased with higher aging tem- 
peratures. Glycogen decreased on aging as expected. 

Storage for 3 months caused decreases for hydrogen 


sulfide, methyl mereaptan, and acid-salt soluble car- 
bonyl compounds, with greater decreases at higher 
storage temperatures for all grades and dosages. 
Small increases in pH also occurred at higher storage 
temperatures. Glycogen values were all zero. Gluta- 
thione levels decreased at low storage temperatures, 
but inereased at higher temperatures. Some values 
were considerably higher than those originally ob- 
tained in the fresh unirradiated meat. This could be 
attributed to proteolysis. 

Combined aging and storage effects resulted in a 
further decrease in hydrogen sulfide, methyl mer- 
eaptan, and acid-salt soluble carbonyls in all grades 
and at all dosages. The effects on glutathione were 
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TABLE 5 
The effect of irradiation on total glutathione in beef of different grades subjected to various 


Aging conditions 


Storage conditions 


Time Temp. 

months “Fe 12 | 

mg./100 9. 
16.5 
17.8 
17.8 
20.0 
14.4 


Utility 


www 


1 Experiment number. 


similar to storage alone although the values were 
higher. Small increases in pH also occurred (about 
0.1 units). 

Statistical analyses of the treatment effects on 
hydrogen sulfide, methyl mereaptan, carbonyl com- 
pounds, and glutathione are listed in Table 9. For all 
these compounds, the effects of storage condition (time 
and temperature) and dosage were significant. In 
addition, aging time and temperature were significant 
for glutathione. Analyses for interaction of the vari- 
ables indicated no significant interactions between 
treatments. 


pre- and post-irradiation treatments 


9 


mg./100 g.\mg./100 g. 
17. 
15. 
22.6 


12. 


Irradiation dosage X10* rad 


2.0 4.0 


1 2 1 


mg./100 9.|\mg./100 g. mg. 
11.3 5.4 


100 g. 
8.8 
8.5 


5.8 


54 


| 
6.3 


6.0 
6.5 
9.6 


Beef samples irradiated at 2 megarad were evalu- 
ated by a taste panel. Both freshly irradiated samples 
and samples stored at 60° F. for 3 months after irradi- 
ation were compared to controls receiving no ir- 
radiation and stored for equivalent times at 0° F. 
Results are shown in Table 7. These results indicate 
that in the first experiment with fresh meat, irradi- 
ation did not significantly influence acceptability, al- 
though there was a tendency to score the unirradiated 
samples somewhat higher. There was also a significant 
difference between grades; utility was less acceptable 
than either good or prime. In the second experiment 


| 
i 
- 
weeks F. . 2 1 | 2 
mg./100 g.'mg./100 g. 
Prime | 0 ae 8.1 | 
3 
3 | 85 = 6.3 
3 | 45 11.3 
0 | | 85 7.0 4.0 5.8 3.8 4.0 
0 60 | 7.5 4.0 7.0 7.0 | 3.3 
0 90 | 15.8 17.1 13.5 13.0 | 8.3 
0 0 9.5 13.3 | 
45 | o 19.0 | | 
3 | 385 5.5 6.3 | 
} 3 35 35 } 5.0 6.6 
} 3 45 35 | 119 | 18.4 
3 0 60 | | 6.8 9.3 | 
8 | 85 60 9.5 6.3 
3 | 60 21,1 8.3 
| 3 0 90 | | 88 | 12.0 | : 
| 3 35 | 90 8.8 
3 | 45 | 90 46.6 | 26.5 
Good | 0 ani Po 17.3 | 25.6 10.0 | 13.5 8.3 12.0 6.3 10.8 
17.8 | 18.4 | 68 6.8 
3 35 ie 18.1 | 268 | 11.0 | 10.38 } 
3 14.8 | 28.8 8.3 8.3 | 
| 0 20.0 | 245 | 
| 35 | 5.5 3.5 4.6 4.5 5.5 
5.8 | 7.5 4.5 7.4 3.3 5.8 
0 ties | 90 | 10.8 | 9.4 10.8 11.3 | 8.3 8.9 
3 0 | 9 | 176 | 
35 0 16.0 | 15.3 | 
4s | 17.9 | 
| 3 0 | 85 5.8 4.3 
| 3 |. 85 | 35 7.5 2.9 
3 | 45 35 2.5 6.6 | 
3 0 | 60 75 5.8 
| 3 35 60 | 8.8 6.3 
| 3 | 45 | 60 | | 5.6 9.1 | 
0 90 7.5 6.8 
3 35 | | 90 | 8.5 
| 8 | 45 | 90 13.6 15.9 
| | | 
3 | 85 20.0 21.0 7.5 9.8 | 
3 45 ee 17.8 21.0 | | 6.9 7.5 ; 
0 0 13.8 13.8 | | 
0 ve 35 4.5 3.0 | 3.0 5.4 3.5 5.1 
0 see 60 5.5 | 4.8 4.5 46 | 5.0 5.0 
0 nl 90 | 158 | 149 12.9 11.4 | 9.9 7.5 
| } 6 3 0 11.5 | 
35 12.6 | 
45 o | 10.8 17.0 | 
0 35 | 3.4 7.6 | 
35 | 35 5.3 8.3 | 
| 45 35 5.8 | 5.9 
0 | 60 5.8 7.0 
| 85 | | 60 6.1 10.8 
45 |} 60 6.0 | 5.9 . 
0 | | 90 | 11.1 15.9 
35 | | 90 14.4 12.6 mn 
| 45 | | 90 13.1 | 100 
§ 
| 
| 
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TABLE 6 


The effect of irradiation on carbonyls from beef of different grades subjected to various 
pre- and post-irradiation treatments 


Irradiation dosage X10* rad 


Aging conditions | Storage conditions 


Grade Time Temp. | "Time | ‘Temp. 
| weeks | °F. | months; °F. 
| |X10~* M/g.|X10-* M/g 
Prime | 0 =f ~ | 26 5.0 
| 3 0 0 | once 2.8 2.9 
35 } 8.5 2.2 
45 7.0 2.0 
| 0 4.0 4.5 
| 0 Wee 
| 3 60 | 
3 | 90 
3 0 3 0 | 12.6 3.6 
| % 35 3 0 | 2.2 
3 45 8 0 | 2.1 
3 0 3 85 
35 | 35 
3 0 | 60 
35 | 60 | 
45 3 60 
0 3 | 90 | 
3 35 90 
a 41.8 
| 
Good 0 , 0 | 3.5 1.8 
0 4.9 
3 35 0 13.1 3.0 
45 0 6. 4.5 
0 3 35 
0 3 60 
| 0 3 90 
0 | 8 0 2.8 
3 45 |} 3 2.5 
0 35 
3 35 ‘a 35 | 
3 45 | 35 
| 8 0 60 
| 38 35 3 60 
| 3 45 3 } 60 | 
| 3 0 3 | 90 | 
| 35 3 90 
3 45 3 90 | 
| 
Utility 0 di 0 4.7 3.9 
3 i) 0 3.3 5.4 
35 0 | 5.3 44 
| 5 5 0 | 3.3 42 
0 2 3 0 2.6 29 
0 3 35 | 
0 60 
3 | 90 
3 0 HY 0 42 
3 35 3 0 2.8 
45 0 8.0 3.0 
3 3 85 
3 35 | 35 
3 45 3 35 
= 0 3 60 
4 35 3 60 
3 45 3 60 | 
3 0 3 90 | 
35 3 90 
} 45 3 90 


| 
| 


2.0 4.0 8.0 
X10-* M/g. |\X10-* M/g. |X10-* M/g. |X10-* M/g.| X10-* M/g. 5M/g. 
| 15.6 | 14.5 23.3 | 20.9 
145 | 1338 
20.9 | 20.1 
14.2 | os 
an 1.9 | 209 | 193 
5.1 5.4 5.8 6.3 8.6 8.7 
| 
10.6 | 12.1 
19.6 17.5 
45 | 
8.2 7.1 
| 107 
58 
| 69 5.2 
} 9.0 7.6 
6.8 | 7.8 | 
13.1 | 9.3 16.1 12.9 21.1 20.2 
21.9 23.9 
15.6 10.9 
16.1 18.1 
5.6 50 | 17 18.9 20.9 
3.2 a 84 | 6.9 12.2 11.6 
41 40 62 | 5.4 8.6 7.9 
17.4 18.4 
6.9 8.8 | 
13.6 8.8 
11.5 13.1 
5.4 3.3 | | 
| 4.9 
8.0 | 9.0 
5.9 5.5 
7.0 7.6 | 
14.2 10.7 14.5 17.0 | 20.9 |} 23.5 
10.8 | 2.7 | | 
| 173 212 | 
22.4 26.5 
7.3 6.2 12.3 121 | 13.3 19.0 
5.4 3.3 10.1 | 72 | 1318 13.6 
4.6 4.0 5.1 5.0 5.8 7.8 
7.1 10.6 
13.3 12.6 | 
|} 2196 | 1938 
5.0 4.7 
10.2 9.6 | | 
12.7 | 15.5 
5.5 5.3 | 
7.5 66 | 
8.5 9.3 


1 Experiment number 


only prime showed no significane in preference. In 
good and utility, the unirradiated samples were sig- 
nificantly more acceptable than irradiated samples. 
Also, in this experiment, prime was significantly more 
acceptable gradewise than utility, whereas, good was 
not significantly different from either. After 3 
months’ storage, all non-irradiated samples were rated 
significantly higher than their irradiated counter- 
parts. Of interest is the observation that with irradi- 
ated cooked meat, storage improved taste panel 
acceptance (11). 

Although aging beef prior to irradiation and subse- 
quent storage for 3 months reduced the amount of 
hydrogen sulfide and methyl mereaptan which con- 


tributed to off-odors, other reactions apparently occur 
at high storage temperatures which are more un- 
desirable on the basis of color and odor than that due 
to irradiation alone. This is evident from the gross 
observations and taste panel evaluations. Since the 
procedure used for the determinations of glutathione 
will also give positive results with cysteine and other 
free sulfhydryl groups, the increased values for gluta- 
thione on aging and storage are indicative of pro- 
teolysis. Nevertheless, it is now recognized by other 
workers in this field that some method of enzyme in- 
activation will become an integral part of the irradi- 
ation procedure for complete sterilization. This may 
alter the picture with respect to aging and storage. 
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7 
The effect of irradiation te giysoger om i. utility grade beef subjected to various 
- +55 st-iyradiation treatments 


Aging conditions Storag Irradiation dosage X10* rad 
: 
Time Te Time Temp. 8.0 
weeks months | °F. 11 2 1 2 1 2 1 2 
| 
mg./@9 mg mg./g mg./@g mg./g mg./g mg./g | mg./g@. 
0 0 0.55 0.44 0.28 0.26 0.17 0.17 016 
3 0.23 0.54 0.08 0.33 | 
3 88 0.74 0,90 0.24 0.27 
3 45 0.42 0.57 0.10 | 0.22 
0 24 0.7 


All other values were zero. 
' Experiment number. 


TABLE 8 
The effect of irradiation on pH of utility grade beef subjected to various pre- and post-irradiation treatments 


Aging conditions Storage conditions Irradiation dosage X10* rad 


0 2.0 4.0 8.0 


Time Temp. Time Temp. 
weeks months 11 1 1 1 | 


pH values 


pH values pH values 


pH values pH values pil values 


pl values | pH values 


5.45 5.55 5.50 5.62 9.55 5.80 | 5.65 
5.52 5.66 5.60 
5.62 5.87 5.85 


Experiment number. 


TABLE 9 


Summation of analysis of variance on chemical changes in beef of different grades subjected 
to various pre- and post-irradiation treatments 


Degrees of 
freedom 


Source of variation Sum of squares Mean square F. ratio Significance 


Hydrogen Sulfide 


Aging time............. 1 0.17 0.17 1.55 None 
Aging temperature. 2 0,18 0.18 <1 None 
Grade....... 2 0.13 0.07 <1 None 
1.73 1.7 15.73 0.1% level 
Storage ( ‘ondition 3 38.36 12.79 116.27 0.1% level 
2 8.17 4.09 :7.18 0.1% level 


Methy! Mercaptan 


Aging time.. 1 0.27 0.27 1.59 Nene 
Aging temperature 3 2.24 0.75 441 None 
Grade. 2 2.13 1.07 5.68 None 
Replicate.. 1 3.78 3.78 22.23 0.1% level 
Storage Condition '. 3 24.40 8.13 17.82 0.1% level 
2 12.53 6.27 36.88 0.1% level 


Glutathione 


Aging time.......... ‘ 1 106.49 106.49 22.23 0.1% level 
Aging temperature 3 338.24 112.7 23.53 0.1% level 
sancoenes 2 11.93 5.97 2.20 None 
1 2.1 2.1 <1 None 
Storage Yondition 3 1040.43 346.81 72.40 0.1% level 
2 294.66 147.33 80.75 0.1% level 


Carbonyl Content 


Aging time.. 1 16.01 16.01 9.88 None 
Aging temperature... 2 23.15 11.13 6.87 None 
2 7.06 3.53 2.09 None 
Replicate... 1 2.07 2.07 None 
Storage ( ‘ondition } sacceynaragninneubisttagennmnviiageiass 3 2124.41 708.14 ; 0.1% level 
2 1698.01 849.01 0.1% level 


Time and temperature 


by 
| 
} 
qq 4 
0 0 5.50 | 
3 35 0 5.71 
3 45 0 5.70 | 5.52 5.95 6.00 
: 0 4 0 5.30 5.50 
0 ms a 35 5.55 5.70 5.60 5.75 5.70 | 5.70 oe 
0 ove 3 60 5.60 5.70 5.68 5.70 5.75 5.70 | 
0 3 90 5.95 5.80 5.85 5.98 5.50 
3 35 3 0 5.60 Sed 
3 45 3 0 5.60 5.65 [es 
3 0 2 35 5.80 5.63 
3 35 3 35 5.83 5.70 a 
3 45 3 35 5.98 5.90 
3 0 3 60 5.90 5.70 Be ed 
3 35 3 60 5.93 5.75 | 
45 60 6.09 | 6.18 
| 3 0 | 3 90 6.10 5.90 Lots 
| 3 35 3 90 6.15 5.90 = + | 
3 45 3 90 6.25 6.25 aot 
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1 Difference significant at 5% level. 
® Difference significant at 1% level. 


On the basis of the results obtained in these experi- 
ments, it would appear that nothing is to be gained 
in acceptability by pre-irradiation aging and post- 
irradiation storage of fresh meat irradiated in the 
sterilizing dosage range. 


SUMMARY 


The effects of pre-irradiation aging time and tem- 
perature and post-irradiation storage time and tem- 
perature on some of the chemical changes which 
oceurred in irradiated fresh beef were studied. 
Chemical changes were, in general, influenced by these 
treatments. Some combinations enhanced the degree 
of change while other combinations decreased the 
apparent value. Analysis of the data indicated stor- 
age conditions and irradiation dosage had the most 
significant effect on the degree of these changes. 

Observations on color and odor changes and on 
taste panel evaluation indicated no improvement in 
acceptability of the product by pre-irradiation aging 
and post-irradiation storage. 


quantities of methyl mereaptan in gamma irradiated 
meat. J. Agr. Food Chem., 6, 41 (1958). 

4. Lappin, G. R., CLiark, 8S. G. Colorimetric method for de- 
termination of traces of carbonyl compounds. Anal. 
Chem., 23, 541 (1951). 

. Batzer, O. F., Srisney, M., Dory, D. M., ScHweIceRt, 
B. S. Production of carbonyl compounds during irradi- 
ation of meat and meat fats. J. Agr. Food Chem., 5, 700 
(1957). 

6. Grunert, R. R., Pumups, P. H. A modification of the 
nitroprusside method for analysis of glutathione. Arch. 
Biochem., 30, 217 (1951). 

7. Donan, J. 8., Woopwarp, G. E. Electrolytic reduction and 
determination of oxidized glutathione. J. Biol. Chem., 
129, 393 (1939). 

8. CarrotL, N. V., Lonatey, R. W., Roz, J. H. The determi- 
nation of glycogen in liver and muscle by use of an- 
throne reagent. J. Biol. Chem., 220, 583 (1956). 

9. Bernorsky, C., Fox, J. B., Jr., anp ScHWEIGERT, B. 8S. 
Biochemistry of myoglobin. VI. The effeets of low 
dosage gamma irradiation on beef myoglobin. Arch. 
Biochem. and Biophys., 80, 9 (1959). 

10. Fox, J. B., Srremier, T., Bernorsky, G., SCHWEIGERT, 
B. 8. Biochemistry of myoglobin. Production and 
identification of a green pigment formed during irradi- 
ation of meat extracts. J. Agr. Food Chem., 6, 692 
(1958). 

1}. Pearson, A. M., Costitow, R. N., Barzer, O. F., 
ski, R. A., anp CHane, Lucy. Food Research. (In 
press. ) 


Ge 


The Influence of Sodium Chloride On Toxin 
Production and Organoleptic Breakdown In 
Perishable Cured Meat Inoculated 


With Clostridium Botulinum 


(Manuscript received April 4, 1959) 


Prior TO THE ADVENT of mechani- 
cal refrigeration, meats were cured with sufficient 
levels of salt to impose stability. The ‘‘hard’’ eure 
lost favor gradually as the public appetite began to 
show preference for progressively milder flavor in 
cured products. Today, most cured meats — hams, 
corned beef, sausages, ete.—are cured for the palate, 
not for stability. 


Packers combine thermal processing with mild 
curing to produce shelf-stable products (9). The bulk 
of cured meats are, however, given cooks insufficient 
to render them shelf-stable. Here, proper refriger- 
tion is an absolute necessity in protecting quality and 
safety. The possibility that perishable cured meat 
products might be mishandled by the retailer or con- 
sumer is ever present. It is thus extremely important 
that the consumer have warning that a given package 
of product has been improperly handled and, there- 
fore, potentially hazardous. The primary danger is, 
of course, that Clostridium botulinum might produce 
toxin without obvious organoleptic breakdown. Fresh 
uncured meats, inoculated with Cl. botulinum under- 
go obvious putrefaction before they become toxic (4). 
Segalove and Dack (8) observed the same phenome- 
non in rehydrated dried beef and pork. 

Examination of incubated inoculated products con- 
taining a variety of curing systems demonstrated that 
putrefaction also precedes toxin development in 
mildly cured meats (5). The curing systems studied 
included combinations of sodium chloride, sodium ni- 
trate, and sodium nitrite at concentrations usually 
obtained in perishable cured meats (3.00-5.65% 
brine, 0-624 p.p.m. sodium nitrate, 78 p.p.m. sodium 
nitrite). 

The present study, undertaken to investigate the 
minimal level of sodium chloride capable of prevent- 
ing toxin production in perishable cured meat, re- 
vealed that certain sodium chloride concentrations 
alloy toxin formation in the absence of organoleptic 
deterioration. 


MATERIALS AND METHODS 


Product preparation. Beef hams were ground through a 
%% in. plate and vacuum mixed with the addition of sodium 
chloride and sodium nitrite. After being held overnight at 
40° F., the products were mixed under 25-27 inches of vacuum 


Richard A. Greenberg, 
John H. Silliker and 
Louis D. Fatta 


Research Laboratories, Swift & Co., 
Chicago, Illinois 


and stuffed in 6-lb. luncheon meat cans (4% x 5% x 12% 
inches). Cooking consisted of a 314 hour processing at 170° F. 
Chemical analyses of the product variables after cooking are 
listed in Table 1. 


TABLE 1 
Chemical analyses of product variables before incubation 
Oode NaCl H20 Brine NaNOs 
Ve % | Ye p.p.m. 
A 2.1 67.4 8.00 22 
B 2.2 67.7 3.02 16 
0 3.5 64.6 5.14 21 
D 4.3 64.5 6.25 14 
E 5.1 66.8 7.09 2 
F 5.0 65.2 7.12 2% 
G 6.4 65.1 8.95 11 
H 7.5 5 


58.7 11.49 12 


Inoculum. The spore inoculum contained approximately 
equal numbers of the following National Canners Association 
strains of Cl. botulinum: 

Type A: Strain numbers 62, 73, 78, 12885, 13824 

Type B: Strain numbers 32, 112, 213, 12033, 13983 


Prickett tube counts in Anderson Pork Infusion Agar 
showed that the suspension contained approximately 920,000 
viable spores per gram following heat shock at 185° F, for 10 
minutes. 

Inoculation and packaging. Hach 6 |b. loaf was sliced into 
34 in. sections. Ten-gram circular wafers were then prepared 
from the slices by means of a cookie evtter of appropriate 
shape and size. The wafers were individually packed in thermal 
death time cans, inoculated with 0.1 ml. of the heat shocked 
Cl. botulinum spore suspension using a 1 ml. tuberculin syringe 
and 26 gauge needle, and closed with undercover nitrogen 
gassing (6). The Cl. botulinum spore concentration in each 
test can was approximately 9,200 per gram of product. 

Incubation. All cans were incubated at 85-100° F, until 
swells developed, at which time they were frozen for subse- 
quent examination. Incubation of unswollen cans was ter- 
minated after 90 days. 

Organoleptic evaluation. The contents of each can were 
allowed to thaw at room temperature and observed for odor 
and appearance. 

Toxin determination. The contents of each can were shaken 
with 20 ml. of sterile water. The suspensions obtained were 
held 24—48 hours at 36-40° F. to permit settling of particulate 
material. Swiss strain white mice were challenged by intra- 
peritoneal injection of 0.25 ml. of the supernatant liquid. 
Death within 4 days was considered presumptive evidence of 
toxin in the sample. All presumptively toxic filtrates were 
confirmed by protection testing with polyvalent (ABC) Cl. 
botulinum antitoxin. Those fluids which did not kill animals 
protected with an equal quantity of antitoxin, but again de- 
stroyed unprotected control mice, were considered to be con- 
firmed positives. 
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RESULTS 


The study revealed that at certain brine concentrations, 
Cl. botulinum toxin was elaborated in product displaying no 
sign of spoilage. The data are presented in Table 2. No inei- 
dence of toxicity without obvious organoleptic degradation was 
found in the product containing up to 5.14% brine. At 6.25% 
brine, the majority of samples were decomposed and putrid or 
cheesy. The contents of 14 of the 132 cans examined (10.6%) 
were, however, softened but otherwise sound. Nine of these 
samples were toxie. Of 103 cans packed in variable E (7.09% 
brine), 6 contained some olfactory sign of putrefaction. A\l- 
though completely sound visually, three were toxic. The re- 
maining samples, 97 in number, were normal in odor and 
appearance. Thirteen of these contained toxin. Similar results 
were observed in product containing 7.12% brine product where 


TABLE 2 


Effect of salt (brine) on Clostridium botulinum toxin formation 
and organoleptic condition of perishable cured meat 


| No. cans 


Code | Brine Organoleptic condition 
A 3.00 | 102 | All putrid and decomposed 19/20 
B 4.02 103 All putrid and decomposed 19/20 
Cc | 5.14 | 101 All decomposed and putrid or 14/20 
| cheesy 
D 6.25 | 192 | 118 decomposed and putrid 94/118 
| or cheesy 
| 14 softened not putrid or 9/14 
cheesy 
E 7.09 103 | 6 slightly putrid, firm texture 3/6 
| 97 normal 13/97 
¥ 7.12 | 104 All normal 14/104 
a 8.95 | 103 All normal | 0/103 
H 11.49 | 102 All normal 0/102 


14 toxie samples occurred in the absence of organoleptic break- 
down. Thus, at the 7.09 and 7.12% brine levels, 27 cans out 
of 201 showing no organoleptic evidence of microbial activity 
(13.4%) eontained Cl. botulinum toxin. 

The significance of these findings was illustrated by a subse- 
quent experiment. A batch of fresh 1% Ib. ham pieces were 
subjected to a curing protocol designed to impose a minimum 
brine concentration of 5.5% in each piece. This was accom- 
plished by submerging the pieces in curing pickle of appropri- 
ate composition. The meat, equipment and curing technology 
utilized in this study were typical of the best to be found in 
the modern commercial plant. Upon completion of the curing 
period, the same pieces were analyzed for sodium chloride and 
moisture content." 

The results summarized in Table 3 showed a final brine 
coneentration ranging from 5.30 to 8.35%. Twenty of the 41 
pieces contained over 6.0% brine; six pieces fell below 5.5%. 


DISCUSSION 


The finding of toxin in cured meat containing rela- 
tively high concentrations of sodium chloride is not 
surprising. The results are predictable when one re- 
views the literature covering the effect of sodium 
chloride on Cl. botulinum. Tanner and Evans (11) 
concluded that salt is the most active preservative 
used in meat curing solutions. However, their data 
showed that 5 of the 6 Cl. botulinum strains studied 
required 8.5 to 10.5% salt for complete suppression. 
The data of Bulman and Ayres (1), Evans and Tan- 
ner (3), Seott (7), Stumbo ef al. (10) and Yesair and 
Cameron (12) also suggest that Clostridia are not 
wholly deterred by brine concentrations above 5.5%. 


* The authors are indebted to Dr. M. M. Voegeli, Head, Meat 
Curing Research Division, Swift & Company and Mr. W. R. 
Schack, Head Canned Meats Research Division, Swift & Com- 
pany, for design and execution of the experiment. 
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Toxin production in the absence of obvious bac- 
terial development in high salt environments is also 
not without precedence in the literature. Tanner and 
Evans (11) reported toxin formation by Cl. botuli- 
num without apparent growth in a nutrient medium 
containing 10.5% sodium chloride. 

Whereas experience and the literature have shown 
that Cl. botulinum toxin fe:mation cannot be pre- 
vented by organoleptically acceptable levels of sodium 
chloride, the tendency has been to demand increasing 
amounts of salt because of its delaying effect on the 
appearance of spoilage. If one looks at this study in 
these terms, he finds that spoilage has been retarded 
by the presence of 7.1% brine. This sodium chloride 
level resulted in a completely ‘‘stable’’ pack—but 
only in terms of the criteria usually relied upon to 
denote spoilage. Under these high salt conditions, 
detection of bacterial growth required a_ biological 
test. Here, inhibition of Cl. botulinum by salt is more 
apparent than real. 

Billions of pounds of large perishable canned hams 
(over 3 Ibs.) have been purveyed to the public with 
no single reported case of botulism. A primary rea- 
son for the excellent public health history of the 
product is undoubtedly the low level of all putrefac- 
tive anaerobic spore-forming bacteria indigenous to 
it (2). We have during a 3-year study incubated at 
85-100° F. more than 1,000 cans of uninoculated 
perishable canned cured meats for periods of 3 to 12 
months. None of these cans, spoiled or unspoiled, con- 
tained Cl. botulinum toxin as determined by standard 
mouse protection analysis at termination of incu- 
bation. 

Since ham containing an excess of 6% brine is 
judged ‘‘salty’’ by the average consumer, the usual 
level in canned perishable ham is well below that 
figure. It is probable that another major factor in the 
absence of botulism incidence from this product cate- 
gory is that its mishandling results in obvious or- 
ganoleptic breakdown. The net effect of this study is 
the observation that as one surpasses the 6‘¢ brine 
level, this built-in safety factor is negated. 

Several questions remain unanswered. How much 
Cl. botulinum growth occurred in organoleptically 
acceptable toxic product? Do certain levels of sodium 
chloride restrict specifically putrefactive enzyme for- 
mation while permitting toxin development? Does 
the mechanism involve germination of the spore inocu- 
lum followed by osmotically induced lysis? A funda- 
mental understanding of the effect of sodium chloride 


TABLE 3 
Brine range in 1% lb. perishable hams cured to contain a 


Brine range, % 


% of hams 
6 14.6 
5 36.6 
6 14.6 
3 7.3 
2 
5 
4 


4.9 
12.2 


9.8 


41 100.0 
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on Cl. botulinum at the cellular level will have wide 
application in the food preservation industry. 

The findings with respect to the levels of salt which 
are obtained in attempting to produce a 5.5% brine 
minimum in hams are quite instructive. Almost 50% 
of the ham pieces, cured so as to produce a 5.5% 
minimum, fell into the 6.10-8.35% range. An addi- 
tional 14% of the pack was found to contain less than 
5.5% brine. Similar variation could be expected in 
attempting to comply with any specific sodium 
chloride minimum. It is obvious, however, that a 
very significant percentage of a 5.5% brine minimum 
pack will terminate with sodium chloride concentra- 
tions which prevent organoleptic spoilage without 
precluding Cl. botulinum toxin formation. 


SUMMARY 


Toxin formation by Cl. botulinum was observed in 
inoculated perishable cured meat with no aecompany- 
ing organoleptic degradation of the product. This 
occurred in product containing 6.25, 7.09 and 7.12% 
brine. A batch of 11% Ib. ham pieces, cured to com- 
ply with existent safety standards (5.5% brine mini- 
mum) showed wide variance when analyzed at termi- 
nation of cure. Forty-nine per cent of the lot con- 
tained brine in the 6.10-8.35% range. Marketing of 
a perishable product, the mishandling of which could 
result in Cl. botulinum toxin formation without warn- 
ing to the consumer, could constitute a public health 
hazard. 


The data suggest that in a perishable cured product 
the level of salt must be within the range wherein 
botulism toxin formation is attended by obvious or- 
ganoleptic breakdown (below 6.25% brine). Alterna- 
tively the salt level may be such that toxin forma- 
tion is inhibited (above 9%). 
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Use of Coating Materials or Film Impregnated 
with Chlortetracycline to Enhance Color and 


Storage Life of Fresh Beef~* 


(Manuscript received April 17, 1959) 


SPOILAGE, dis- 
coloration and dehydration are the primary factors 
limiting the storage life of sliced fresh meats. Kraft 
and Ayres (11) reported that incipient spoilage was 
indieated by an onset of off odor which occurred when 
surface counts of meat samples approximated 10° 
organisms per em.*. In many instances they observed 
discoloration of samples before disagreeable odors 
were detected. Discoloration of packaged meats has 
been investigated by a number of workers (3, 4, 8, 11, 
12, 13, 16, 17). Butler et al. (8) inoculated beef with 
Pseudomonas sp. and found that the inoculated sam- 
ples showed greater discoloration than did uninoeu- 
lated controls. These workers considered that the 
shorter shelf life of the inoculated meat was due to 
microbial growth. 

Several investigators (1, 2, 9, 10, 18, 19, 20, 21, 22) 
have suggested the use of an antibiotic spray or dip 
or the incorporation of antibiotic into the ground tis- 
sue of flesh foods to delay or prevent spoilage. For 
sliced meats one possible means of applying an anti- 
biotic is to incorporate it into a material used to cover 
the food product. Such application of one of the 
tetracyclines enhances the protective effect from 
spoilage if the antibiotic is applied at the time of 
packaging so that the food product is not exposed to 
subsequent contamination by resistant microorgan- 
isms. Westveer (23) reported on the coating of frozen 
meat using a hot melt resin. He pointed out the fol- 
lowing advantages in using this type of covering °: 

(1) Clear, transparent, and tough 

(2) Easily removed by peeling 

(3) Maintains original quality of meat 

(4) Skintight 

(5) Impermeable to moisture 

(6) Protects meat from shopper contamination 

(7) Flexible at freezer temperature 

(8) Adaptable to automatic process 


In 1953 Lovegren and Feuge (14) reported that 
acetostearins were potentially useful as protective 
coatings and that these acetoglycerides were being 
evaluated for use with processed and dressed meats 


*Journal Paper No. J-3654 of the Iowa Agricultural and 
Home Economies Experiment Station, Ames, Iowa. Project No. 
1264; Agricultural Adjustment Center, cooperating. 

* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, May 20, 1959. 

* Practical use of these agents as edible dips for foods is not 
permitted at the present time. 


John C. Ayres 


Food Processing Laboratory, lowa State 
University, Ames, lowa 


(5). Two years later, another report (6) indicated 
that work was in progress wherein this type of dip 
coating was used to prevent moisture loss and retard 
development of rancidity of wieners. 

Recently Meyer et al. (15) indicated that coatings 
of the marine plant polysaccharides, agar and car- 
rageenin gels, when used as vehicles for applying the 
water soluble antibiotics, increased shelf life of 
poultry. 

Another possibility in limiting the deteriorative ac- 
tion of spoilage, discoloration and dehydration is to 
wrap meat in a packaging film impregnated with an 
antibiotic. 

Use of coating materials or films infused with anti- 
biotics may have important significance for the meat 
industry since most of the organisms are confined to 
the surface and most spoilage problems are surface 
phenomena. Also, by conventional methods of cookery, 
meat usually receives adequate heat treatment to in- 
activate antibiotic residues at the surface. The follow- 
ing study was undertaken to determine whether or not 
the storage life of sliced fresh meats could be pro- 
longed by incorporating an antibiotic into a coating 
material or a packaging film. 


EXPERIMENTAL PROCEDURE 


Fresh sliced beef was procured from a local retail store at 
the time of arrival of the careasses from the processing plant. 
Both ‘‘Budget’’ and ‘‘Choice’’ steaks were studied. These 
were obtained from, or near, the center of the round. Care was 
taken that, after slicing, the adjacent sides of each two slices 
of round were kept in contact until they could be sampled in 
the laboratory. With the two slices still in juxtaposition, pieces 
of lean were cut by means of a sterile knife and then were 
hand dipped into (1) an experimental hot melt resin, (2) long 
chain saturated diacetin fat or (3) plasticized agar, and im- 
mediately withdrawn and allowed to drain for 15-30 seconds. 

The hot melt dip * used has an ethyleellulose base and is one 
of a series of patented (U. 8S. 2,840,476) formulations covering 
‘*hot melts’’ developed for coating foods. The diacetins* are 
saturated, diacetyl (palmitie-stearic) triglycerides consisting of 
a mixture of hydrogenated soybean oil derivatives having an 
iodine value of one and a melting point of 30° C. Preparation 
of the plasticized agar was described by Meyer et al. (15) as 
follows: to 800 ml. quantities of 3% agar solution, 1% glycerol 
was added as a plasticizer. Then the mixture was steamed in 
an autoclave until the coating materials were melted and in 
solution. The melted coatings were maintained at approxi- 
mately 65° C. until used. 

“Kindly supplied by The Dow Chemical Company, Midlend, 
Michigan. 

* Supplied through the kindness of the Procter & Gamble Co., 
Cineinnati, Ohio. ‘ 


| 
{ 
| 
i 
4 
(Tre 
‘ 
512 


For trials wherein beef was wrapped, the pieces of meat were 
transferred by sterile forceps to a Rodeo‘ peach prepackaging 
meat board, packaged in FH-1 Pliofilm* and heat sealed. The 
Goodyear Company formulated and cast the following films used 
for packaging: FM-1 Pliofilm control and identical films except 
that they contained 0.4 part chlortetracycline-hydrochloride 
(CTC-HCl), 0.1 part CTC-HCl or 0.04 part CTC-HCl per 100 
parts rubber hydrochloride. 

For the bacteriological tests, 5 to 7 matched-pair cuts 4 x 4 x 
44 in. were used in order to provide ‘‘mirror-image’’ samples 
for each of the storage periods. Samples were stored in re- 
frigerated display cases set at 5° C. + 1, at 10°C. + 1 and at 
15° C.+ 2 except for defrost cycles. 

Microbiological samples were made by rolling a moist swab 
over a known amount of meat surface. Five 2 em.” areas of 
each piece of meat were swabbed and the 5 swabs placed in 
one sterile 2 oz. prescription bottle containing 20 ml. of water. 
Appropriate serial dilutions were made and 3 sets of nutrient 
agar plates were prepared in duplicate. The plates were incu- 
bated at 5°, 15° or 25° C. for 7, 4 or 2 days respectively; the 
colonies were counted with the aid of a Quebee colony counter. 

For the analysis of color, 12 to 14 matched-pair cuts 14% x 
1% x \% in. were selected and placed on packaging boards and 
packaged in Pliofilm as was described earlier. It was essential 
to use meat of as uniform color as possible. One musele section 
was used for this purpose in order to minimize differences due 
to direetion of muscle striations, marbling and other factors 
but even these precautions did not always assure that the indi- 
vidual samples had identical coloration. A Beckman Quartz 
Spectrophotometer, Model DU, equipped with a diffuse reflect- 
anee attachment, Model 2580, was used for reflectance measure- 
ments; a block of U. S. P. carbonate of magnesia served as the 
standard. A strip of polystyrene Q-641 film was placed over the 
meat held in the reflectance attachment in order to prevent 
meat particles from adhering to the attachment housing. Re- 
flectance readings were obtained at 580 my (oxymyoglobin) 
and 635 mu (metmyoglobin) since it was found that, in these 
two regions, the concentrations of the two pigments were at 
maximum-minimum ratio with respect to each other. 

Meat stored at 5° C. was sampled after 0, 1, 2, 3 or 4, 6, 8, 
10 and 13 days; that stored at 10° C. was analyzed at 0, 1, 2, 3, 
5, and 7 days; that stored at 15° C. was tested at 0, 1, 2, 3, and 
4 days. 


RESULTS AND DISCUSSION 


The hot melt, diacetin fat, and agar with added 
plasticizer were effective in delaying microbial pro- 
liferation. Also, when the coating was peeled from 
the flesh, many of the bacteria adhered to the covering 
material. Incorporation of the antibiotic chlortetra- 
eycline into the resin, modified fat, or agar further 
prolonged the time elapsing before microbial popula- 
tions caused the development of off odor (10° or- 
ganisms per cm.”). 

The temperature necessary for dipping fresh meats 
in a hot melt was so high that there was some surface 
tissue damage and sufficient coagulation of free juice 
took place that the meat had a faded or brown dis- 
colored appearance. This contrasted with results ob- 
tained with frozen meats where, apparently, the frozen 
film surface provided adequate protective insulation 
to retard rapid conduction of heat. 

The temperature range for the diacetin dip was 
ideal for refrigerated meats. The modified fat solidi- 
fied almost immediately after it came in contact with 
the cold meat forming a non-greasy, wax-like, flexible 
and close-fitting film. While the thickness of the film 


* Sutherland Paper Co., Kalamazoo, Michigan. 
* Rubber hydrochloride film made by The Goodyear Tire & 
Rubber Co., Akron, Ohio. 
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was dependent upon the temperature of the melted 
diacetin fat, thickness of the fat layer usually ranged 
from 10-15 mils. When the temperature of the meat 
was maintained at 5° C. and that of the diacetins at 
40° C., the dip congealed quickly and there was ade- 
quate drainage. Stability of the acetin fats to hy- 
drolysis and their ability to retain moisture were 
excellent but similar impermeability to the passage of 
oxygen and other gases was not a desirable charac- 
teristic. Meats dipped in this type of edible coating 
material appeared discolored after storage when com- 
pared with those packaged in rubber hydrochloride 
film. 

After solidifying, the layer of agar plus added 
glycerol usually had a thickness of 30-35 mils. Desiec- 
cation of meats coated with plasticized agar was very 
great and, two days after dipping, samples stored in a 
refrigerated display case (5°C.+1) without an 
overwrap compared most unfavorably with those 
coated with hydrogenated diacetins or with the hot 
melt resin. On the other hand, the color of meats 
dipped in plasticized agar was much better than for 
the other two coatings; when an overwrap of Pliofilm 
was used, meats remained a desirable searlet red in 
color for 4 to 5 days. An additional 2 days of storage 
was obtained when chlortetracycline was impregnated 
in the agar or when CTC was incorporated in water 
solutions in which the meat was dipped and over- 
wrapped with Pliofilm. 

Since these trials were of a preliminary nature 
only, no flavor tests were made with any of the coat- 
ings. Before any of the dipping agents could be 
applied to foods, it would first be necessary to deter- 
mine if these materials are tasty and edible or if they 
contribute off odor or off flavor to the product.* 

In their present stage of development, coating 
agents are not entirely satisfactory for fresh meats. 
However, since these materials apparently do delay 
the growth of microorganisms, further work appears 
warranted. An antibiotic might have value in en- 
haneing the storage life of meats if incorporated in 
the melted hydrogenated diacetin fat or as a dip im- 
mediately before covering with a resin spray. In addi- 
tion, coatings of hot melt resin or diacetin fat prevent 
desiccation. 

Sliced round steak packaged in Pliofilm and stored 
at 5° C. developed off odor within 6 days while that 
wrapped in film containing chlortetracyeline (CTC) 
did not have this defect until the 8th day of storage. 
By 8 days the control samples had become slimy, a 
defect not observed on the CTC impregnated film un- 
til the 10th day of storage. Packaged steaks stored at 
10° C. developed off odor in 3 days while that wrapped 
in antibiotic film did not have this defect until the 5th 
day of storage. Similarly, control samples at 10° C. 
had become slimy by the 4th day while those in films 
in which chlortetracycline had been incorporated did 
not give similar manifestation of slime until the 7th 
day. At a storage temperature of 15° C., disagreeable 
odors were observed in 2 days in meat packaged in the 
control film while samples in CTC film reached this 
condition in 3 days. 
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Numbers of psychrophilic organisms recovered from 
meats packaged with Pliofilm or with Pliofilm con- 
taining CTC are shown in Figure 1 (heavy lines). In 
these trials the meat was held at 5°, at 10° or at 15° C. 
and organisms obtained from swab samplings were 
enumerated from pour plates incubated at 5° C. At 
each of the 3 temperatures used for storage of the 
meat, proliferation of organisms in the treated films 
was delayed when compared with numbers of cells 
growing on meat in untreated Pliofilm. An inverse 
relationship was found between the amount of chlor- 
tetracycline incorporated in Pliofilm and the numbers 
of microorganisms recovered from packaged meat. 
Results are shown in Table 1. 


TABLE 1 


Number of organisms recovered from meat packaged in films 
containing chlortetracycline 
Parts Number of organisms x 1000 
oTC/100 
rubber Days of storage 
HOC! 3 6 
192,000! 
175,000! 
139,000! 
61,000! 


48,000! 
42,500" 


0 Sf 6 9.4 2,700 
04 06 7.8 2,050 
Jl 6.7 810 12,400 
4 af 2.0 490 5,500 


OW odor. 


Temperature of storage did not exert profound 
influence upon differences in numbers of organisms 
recovered when plates from meat stored at 5° C. were 
held at 5°, 15° or 25° C. There does appear to be some 
reduction in the numbers of organisms recovered from 
meat packaged in Pliofilm when contrasted with that 
of similar products held in Pliofilm impregnated with 
CTC. When plates were incubated at 5° C., there was 
an initial jag in the growth curve and, during the first 
10 days of storage, numbers of organisms recovered 
from meat wrapped in CTC treated Pliofilm were 
much lower than that on meat packaged in the control 
film. 


@ o 
° ° a 


o 
PERCENT REFLECTANCE 


LOG OF NUMBERS OF CELLS/cm* 


At 5° C., areas of discoloration on control pieces of 
meat packaged in Pliofilm were observed on the 5th 
day but, generally, two additional days elapsed before 
similar zones were observed on meat wrapped in Plio- 
film into which CTC had been impregnated. Loss of 
bloom was apparent to the naked eye before minimal 
changes in reflectance from the meat surface were 
noted. If reflectance values of less than 12.5 at 635 my 
are considered representative of greatly discolored 
meat, the control meat stored at 5° C. was unsuitable 
for use on the 6th day of storage while that wrapped 
in film containing antibiotic did not reach a similar 
end point until the 8th day (Figure 1). At 10°C. 
minimal reflectances were observed on the 3rd day for 
the controls and on the 4th or 5th day for meat pack- 
aged in antibiotic-containing film. 

Pirko and Ayres (16) tested the effect of storage 
on reflectance readings from packaged beef and ob- 
served that when the percentage reflectance at 580 my 
reached its maximum level, there was a minimum 
value of 635 mp. They considered that maximal values 
for metmyoglobin (635 mz) occurred at the same time 
that the minimal oxymyoglobin (580 mp) and myo- 
globin (555 mp) concentrations were obtained. It may 
be seen in Figure 1 that similar trends are shown in 
the present study. Since the pattern of change at 
555 mp representing values for myoglobin approxi- 
mate those shown for oxymyoglobin at 580 mz, the 
555 my values are not plotted. 

Recently Browmand et al. (7) published a_pro- 
cedure which they called the ‘‘absorbance ratio 
method’’ in which they compared absorbencies of 
meat extracts prepared from sample determinations 
at 582, 564 and 544 mp. Although it is conceivable 
that these absorbance ratios might give an indication 
of the proportion and cumulative amounts of heme 
derivatives in meat, their use in detecting changes at 
the surface are of little value. Pirko and Ayres (16) 
observed that discoloration of packaged fresh meat is 
a phenomenon restricted primarily to the upper 2-4 


Heavy lines represent bacterial counts. 


Figure 1. Numbers of organisms and changes in per cent reflectance on packaged beef during storage at 5°, 10°, or 15° C. 
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millimeter depth of tissue and that absorption spec- 
trophotometry of pigment extracts cannot be applied 
in determining discoloration of meats that are limited 
to these superficial layers alone. 

It appears that the incorporation of chlortetracy- 
cline into a flexible packaging material such as Plio- 
film serves a useful purpose in retarding the growth 
of microorganisms and in preserving the color on the 
surface of the meat. Apparently this evidence, in 
keeping with earlier observations by Butler et al. (8), 
indicates that there may be an interrelationship be- 
tween the growth of microorganisms, the development 
of off odor and slime, and the discoloration of meat. 


SUMMARY 


When hot melt, diacetin fat, and agar with added 
plasticizer were used as coating materials for fresh 
meats, microbial proliferation was retarded. The hot 
melt and the modified fat prevented desiceation but 
meats protected with these coatings had undesirable 
color. A layer of plasticized agar did not prevent ex- 
cessive drying unless the meats were also overwrapped 
with film. 

Incorporation of chlortetracycline into Pliofilm de- 
layed microbial growth and maintained desired sur- 
face color of meat for a longer period of time than did 
the film alone. An inverse relation was shown between 
keeping time and temperature of storage. At 5° C., 
packaged steak wrapped in film containing 0.4 part 
(TC/100 parts rubber hydrochloride did not develop 
off odor until 2 days after the control meat had shown 
similar signs of spoilage. Numbers of organisms pro- 
liferating on meat wrapped in CTC treated Pliofilm 
were invariably less than those on meats packaged in 
the control film. Temperature of storage of plates had 
only minor influence on microbial recoveries. Re- 
flectance readings at 580 mp and 635 my indicated a 
2-day lag in discoloration for meat packaged in film 
impregnated with CTC. Studies with film containing 
smaller amounts of CTC in the rubber hydrochloride 
base also indicated less rapid microbial proliferation 
and less discoloration than did the control packages. 
Maximum-minimum reflectance readings at 580 and 
635 mp for oxymyoglobin and metmyoglobin respec- 
tively were not found until bacterial populations had 
caused off odor. 
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Consumer Preferences for Beef of Different 


Breeds Related to Carcass and to 


Quality Grades’ 


(Manuscript received April 2, 1959) 


Tue STAMPED CARCASS grade ap- 
pearing on beef careasses is a composite evaluation of 
the three grade factors of conformation, finish, and 
quality. The grade factors are described in subjec- 
tive terms. Conformation refers to the form or shape 
of the animals, to the ratio of meat to bone. Finish 
refers to the amount, color, and quality of fat within 
and around the muscle. Quality, to the extent it can 
be determined by visual inspection, refers to the ten- 
derness, juiciness, and palatability of the meat (6). 
It is recognized that the balancing of the three grade 
factors in arriving at a composite carcass grade 
presents a difficult problem and that research to pro- 
vide information concerning the importance of these 
grade factors is needed (7). 

There appears to be in the literature no investiga- 
tion of a consumer household panel’s preferences for 
beef from Hereford and Uplstein carcasses. The 
present study investigates oft preferences. On the 
basis of carcass grade, Hereforg steers tended to grade 
higher than Holsteins. For Herefords the Federal 
grader’s evaluation of the three grade factors was 
similar to the composite carcass grade. For Holsteins, 
however, the conformation grade was much lower and 
the finish grade somewhat lower than the quality 
grade. The composite carcass grade, consequently, 
was lower than the quality grade. 

Since past studies indicated that preferences are 
influenced by grade (2, 4, 5), the present study 
presents visual and eating preferences of a consumer 
household panel for beef from animals of different 
breed and these preferences are analyzed on the basis 
both of carcass grade groupings and of quality grade 
groupings. In addition, ratings were obtained for the 
eating preferences and these also were analyzed on 
the basis of the two grade groupings. Simone, Carroll, 
and Rollins (8) conducted concurrently an eating 
evaluation study by a laboratory panel. 


MATERIALS AND METHODS 


Animals. Eight pairs of Hereford and Holstein steers from 
the University of California herds were made available for 
this preference study. Information concerning history, feed- 
lot performance, and carcass analysis of these animals is sum- 
marized by Simone Carroll, and Rollins (8). Pertinent to a 
consumer preference study is the faet that steers of controlled 
history were used. The steers were above average in quality; 
they differed primarily in breed and grade. Since Herefords 
have a tendency to fatten more rapidly and to mature sooner 
than Holsteins, the Hereford steers selected for this study were 
about 6 months younger than the Holsteins. 

"This report on preferences of a consumer household panel 
is part of a study undertaken by the Departments of Animal 
Husbandry, Food Technology, and Home Economies of the 
University of California at Davis. 


Marilyn Dunsing 


Department of Home Economics, Uni- 
versity of California, Davis, California 


Two steers from each breed were slaughtered weekly for 4 
consecutive weeks, At time of slaughter the 8 Hereford steers 
were assigned carcass grades by a Federal inspector of 1 prime, 
6 choice, and 1 good; their quality grades were the same. For 
Holsteins, grades based on quality tended to be higher than 
those based on conformation and, to a lesser extent, on finish. 
Consequently, the carcass grades of 1 choice and 7 good as- 
signed the Holstein steers were lower than their quality grades 
of 1 prime, 5 choice, and 2 good. 

The ecareasses were aged 8 days at 34° F. After the aging 
period short loin and sirloin wholesale cuts from both sides of 
the careasses were subdivided into steaks approximately one 
ineh thick. Cutting of all wholesale cuts was done by the same 
person and procedures were standardized so that the first steaks 
from the short loin and sirloin cuts were at the same anatomical 
position for both sides of each carcass. On the day of cutting 
the steaks were paired, trimmed, coded, and distributed. Steaks 
from Hereford and Holstein carcasses were paired according to 
cutting sequence and came from the same relative location in 
their respective wholesale cuts. Each pair was then trimmed to 
the extent necessary to eliminate outside fat as a possible grade- 
recognition factor. For purposes of identification one steak of 
each pair was tagged with a metal clip; the tagged steak alter- 
nately represented the Hereford and Holstein carcass. 

Consumer household panel.” The panel was selected from 
households of married students enrolled at the University of 
California, Davis campus, during the Fall semester, 1958. It 
was composed of husbands and wives of each household and 
represented a young age group, the majority being in their 
early and middle twenties. A total of 494 households partici- 
pated in the preference study during September and October, 
1958. Panel members were unaware that any difference between 
the 2 steaks was either one of breed or of breed and grade. 

A one-page preference sheet was used to record the reactions 
of each panel member to the paired steaks. On it, visual prefer- 
ences for over-all quality, marbling, and color, and eating 
preferences for over-all quality, taste, juiciness, and tenderness 
were recorded. In addition, each of the 4 eating prefernces 
were scored according to a 6-point scale. Numerical scores of 
1 through 6 wee assigned to the descriptive terms of excellent, 
very good, goozs fair, poor, and very poor, respectively; thus, 
the lower the s# .» the higher the preference rating. Scores for 
Holstein steak¥Mcre assigned a positive value and those for 
Hereford stea ; negative one. Both steaks were scored by 
each panel me 

Statistical , is. Before determining the significance of 
preferences of | members, half of the no-preference group 
was assigned ach of the 2 preference categories. The 
appropriate va f x* for both preferences and ratings was 
then calculated e usual manner (9). 


LTS AND DISCUSSION 


Breed prefq#"\ces of panel members were analyzed 
for 2 grade lapings of Hereford and Holstein 
steers; namei. stamped carcass grade and quality 
grade. Only * of the 8 pairs were from steers of 
identical grad«’ for the carcass grade grouping, while 
6 of the 8 pairs were from fairly homogeneous steers 
for the quality grade grouping. Consequently, in the 


"Instructions to panel members are described in an earlier 
study (3). 
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Preferences for steaks by wholesale c 


CONSUMER PREFERENCES FOR BEEF OF DIFFERENT BREEDS 


TABLE 1 
ut, breed, and carcass grade grouping 


A. Visual preferences 


grouping | responses Hereford Holstein None 
Short Loin (% ) | 
I 110 | 56 38 6 
II 282 | 50 44 6 


III 


Sirloin (%) 


130 44 48 8 
II 332 47 40 13 
Ii! 72 35 57 R 

| Over-all 
Grade | No. of —— ; 
grouping responses| Here- | ol- . ere 
| ford stein None ford 
Short Loin (%) 

I 110 | 38 52 10 
II 282 | 362 | 523 122 292 
III 52 52 2 


Sirloin (%) 
I 


130 45 45 10 35 
II | 332 522 | 328 162 44 
| 72 722 242 42 56% 


1 Significant at the .05% level. 
* Significant at the .01% level. 


discussion of preferences based on carcass grade no 
attempt is made to distinguish between the effects of 
breed and those of grade. In the discussion of prefer- 
ences based on quality grade, however, the effects 
both of breed and of grade are presented. 

Breed comparison based on carcass grade grouping. 
In Table 1 visual and eating preferences of the 988 
panel members are summarized by wholesale cut, 
breed, and carcass grade grouping of Hereford and 
Holstein steers. Using the designations of Table 1, 
the steers were paired on the basis of carcass grade 
into the following 3 groups: 

I. 1 pair of steers grading choice and 1 pair 
grading good; 

II. 5 pairs of Hereford and Holstein steers grading 
choice and good, respectively ; 

III. 1 pair of Hereford and Holstein steers grading 

prime and good, respectively. 
Thus, information was obtained for paired steaks 
from steers of identical carcass grade and different 
breed, and also from paired steaks of different carcass 
grade and different breed. 

The data indicate that, in general, visual breed 
preferences of panel members for over-all quality and 
for marbling either were not significant at the 5 or 
1% levels or were not systematic. When significant 
color preferences were indicated, they were in favor 
of Holstein steers. Simone, Carroll, and Rollins (8) 
also reported that the laboratory panel in evaluating 
the color of ground bottom round muscle found signifi- 
cantly darker color for Holsteins than for Herefords. 

The data also indicate that eating breed preferences, 
particularly for over-all quality and for taste, tended 
to be reversed. For the short loin cut eating prefer- 
ences, in general, were in favor of Holsteins. Over-all 
quality and taste preferences were significant for 
Group II and juiciness preferences for Group I. 
Significant juiciness preferences were also indicated 


4R 


Marbling Color 
| Hereford | Holstein None Hereford Holstein None 
47 47 6 38 45 17 
48 45 7 80 40 30 


322 582 102 48 35 17 
502 352 152 302 462 | 248 
46 50 4 24° 612 | 152 


Taste 


Hol 
stein 


54 
492 
37 


B. Eating preferences 


Juiciness Tenderness 
Here Hol Here- | Hol 
None ford stein None ford | stein | None 
11 312 552 143 48 | 80 | 22 
222 38 43 19 43 | 35 | 22 
27 


692 262 52 “a4 1 21 


16 49 42 9 562 | 828 128 
24! 41 32 27 552 | 268 192 
141 | 692 182 132 722 142 | 148 


for Group III but they were in favor of the prime- 
graded Herefords rather than the good-graded Hol- 
steins. Tenderness preferences were not significant 
for any group. By comparison, for the sirloin cut 
eating preferenves were in favor of the Herefords. 
Tenderness preferences were significant for all groups. 
Over-all quality and taste preferences were significant 
for Groups II and III, while juiciness preferences 
were again significant for Group III, The laboratory 
panel’s scores for tenderness and juiciness reported 
by Simone, Carroll, and Rollins (8) were in agree- 
ment with those of members of the household panel 
evaluating steaks from the sirloin cut. No flavor dif- 
ferences were indicated by the laboratory panel. 

In Table 2 average differences between Hereford 
and Holstein ratings for each of the over-all preference 
categories when grouped by carcass grade give an 
indication of the degree of preference of panel mem- 
bers for the two breeds. The rating differences for 
the Hereford and Holstein categories were highly 
significant. Of the four eating preferences, for Hol- 
steins taste had the highest rating difference, while 
for Herefords tenderness, with one exception, had the 
highest. In addition, for the short loin cut the rating 
difference was higher for taste and lower for tender- 
ness for Holsteins than for Herefords. By compari- 
son, for the sirloin cut the rating difference was higher 
for tenderness and, to a lesser extent, for juiciness 
and for over-all quality for Herefords than for 
Holsteins. 

Breed comparison based on quality grade grouping. 
Visual and eating preferences of panel members are 
summarized by wholesale cut, breed, and quality 
grade grouping of steers in Table 3. The steers were 
paired on the basis of quality grade into the follow- 
ing 3 groups: 


A. 1 pair of Hereford and Holstein steers grading 
low choice and prime, respectively ; 
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| 
4 
ide 
1 


FOOD TECHNOLOGY, SEPTEMBER, 1959 


TABLE 2 


Average differences between Hereford and Holstein ratings grouped by carcass grades 


Over-all 
preference 
category 


Carcass 
grade 
grouping 


Short Join 


Over-all Taste | Juiciness 


10 + .30! 
— .738 
134 +1.10*% 


10 
.76* 
o1 


No preference _ 
Hereford 
Holstein + 


Al — 17 
— .673 
+ 


No preference — 08 
Hereford — 
Holstein + 


25 | — .75 
| —1.008 
1.15* + .26 


Ill No preference 7) 
Hereford — 


Holstein + 


' Significant at the .05% level. 
Significant at the level 
* Significant at the .001% level. 


B. 6 pairs of Hereford and Holstein steers, 1 pair 
grading good and low choice, respectively; 2 
pairs grading choice ani top good, respectively ; 
3 pairs grading choice ; 

C. 1 pair of Hereford and Holstein steers grading 
prime and low choice, respectively.* 


When pairs of steers were grouped on a quality 
rather than a carcass grade basis, the effect of grade 
as well as breed on preferences was much more pro- 
nounced. The data indicate that panel members 
evaluating steaks from fairly homogeneous pairs of 
steers quality-wise (Group B) did not have either an 
over-all visual quality or a marbling breed preference 
but did have a significant color preference for the 
darker-color steaks of the Holstein steers. When 
steaks from steers differing materially quality-wise 


Eating preferences 
Sirloin 
Tenderness Over-all Juiciness Tenderness 
— .20 0 | 31 | 
—1.08% | 
552 +1.002 | 


| 
| 
| 


674 


09 — 04 d } — 06 
—1.054 | 
+ .702 


-50 | + 383 
—1.238 
-53? + .52? | 


were paired, panel members indicated an over-all 
quality preference for the steak from the breed of 
lower rather than higher quality; these preferences 
were significant for steaks from the short loin cut. 
Panel members evaluating steaks from fairly 
homogeneous pairs of steers tended to reverse their 
eating breed preferences for the 2 wholesale cuts, pre- 
ferring steaks from the short loin cut of Holsteins and 
those from the sirloin cut of Herefords. It appears 
likely that this reversal should not be attributed solely 
to a breed difference. As pointed out earlier, a differ- 
ence of 6 months existed in the average age of the 2 
breeds, Holsteins having an average age of 28 months 
and Herefords, 22. An earlier preference study of a 
consumer household panel’s preferences for steaks 
from 18 and 30 month steers (3) indicated eating 
preferences consistently in favor of steaks from the 


younger steers and much more pronounced for steaks 
from the sirloin than from the short loin cut. 


When steaks from steers which differed materially 
quality-wise were paired, data indicated that grade 
as well as breed affected eating preferences. The pro- 
portion of panel members indicating an eating prefer- 


* Visual and eating preferences did not differ materially for 
the 6 pairs of steers. In addition, carcass composition data 
supplied by Carroll (1) tended to indicate that significant qual- 
ity variations did not exist between these pairs. 

“Same pair of steers classified on the basis of carcass grade 
as Group IIT. 


TABLE 3 


A. Visual preferences 
Quality 
grade 
grouping 


Over-all Marbling Color 


No. of 


eespences Hereford Holstein Hereford Holstein None Hereford Holstein 


Short Loin (% ) 
A 
432 


B 33 49 
61? 


© 34) 
Sirloin (% ) 
A 


| 
| 

672 | 29% Bi 3 32 


51 92 512 | : 50 29 
45) 


B as 45 
612 


35 
. Eating preferences 


Tenderness 


Hol- 


stein 


Over-all Taste Juiciness 


Grade 
Hol 


grouping Hol 


stein 


Here- 
ford 


responses | None 
stein | 


Short Loin (%) | 
A $1 3 : 56 2 32 89 
B 3: 38) | 492 | 833 
© 2 | 

Sirloin (%) 
A 43 

B | §12 


Cc 722 


: 1 Significant at the .05% level. 
® Significant at the .01% level. 
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a —1.243 | 
+ 2 + .528 
an 
| 
it 
ge Preferences for steaks by wholesale cut, breed, and quality grade grouping 
| None 
| 24 
28? 
21 
2 
23! 
152 
| 
| 233 
| = 
| 102 
| ine 
242 42 562 302 692 182 132 722 4s | 149 


VANILLAS 

FRUIT FLAVORS 
“ENTRAPPED” FLAVORS 
FOOD COLORS 
BUTTERSCOTCHES 
CARAMEL FLAVORS 
CAKE MIX FLAVORS 
SPICE EXTRACTS 


FOOD MATERIALS CORPORATION 


Factory and Laboratories / 2521 west 48th street + Chicago 32, Illinois 
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Attention cereal makers: 


Here’s how Tora Food can give you a new 
Sales-building nutrition story at low cost 


If you need a powerful new story to spark the sales 
of your cereal, Tora Food (Red Star’s brand name 
for Torula Yeast U.S.P.) is your answer. And you 
can actually save money. Here’s what we mean: 


How will Tora Food improve nutritional con- 
tent of cereal? Here are some specific nutritional 
factors housewives know and look for in cereal. This 
chart shows you how Red Star Tora Food increases 
these factors in a typical cereal—corn meal. 


PER 100 GRAMS OF CORN MEAL 
Corn meal 


plus 3% 

Tora Food 

10.50 grams 
0.66 milligram 
0.20 milligram 
2.80 milligrams 


Corn meal 
Protein........ 9.00 grams 
Vitamin B,..... 0.30 milligram 
Vitamin B,..... 0.08 milligram 


What totally will Tora Food add to cereal? 
(At a level of 34 to 1004) 


163.5 milligrams worth 
54.5 milligrams worth 
408.6 milligrams worth 
Vitamin By, 40.8 milligrams worth 
Para-amino benzoic Acid.. 20.4 milligrams worth 
Pantothenic Acid 150.0 milligrams worth 
Folic Acid 95.3 milligrams worth 
4.8 grams worth 
5.4 grams worth 


Vitamin B 1 
Vitamin B, 


High quality Protein...... 1.5 Ibs. 


Here is a nutritional “barrage” that can’t help 
but impress the nutrition-conscious housewife. 


How can Tora Food actually save you money? 
The ingredients listed above would cost you 87.33¢ 
at current price levels, if you bought them indi- 


vidually. You get these same ingredients in the 
same amounts for only 54¢ in Red Star Tora Food. 
That’s 33.33¢ saved. (Incidentally, the same 
amount of brewer’s yeast would cost you between 
72¢ and 84¢.) 

In addition, Tora Food saves you money on 
handling and inventories. Instead of buying, stor- 
ing, handling and keeping books on 10 or more 
different ingredients, you need handle only one 
when you use Red Star Tora Food. 


How else will Tora Food improve saleability 
of cereal? Tora Food will intensify the flavor of 
your cereal. It has a mild, pleasant flavor with the 
ability to enhance the natural flavor of the product 
to which it is added. 

Furthermore, Tora Food is an antioxidant and 
helps give your cereal longer shelf life. 


Who besides cereal makers can use Tora 
Food? Almost any food processor. Here we've 
talked specifically about cereal makers, but baby 
food processors are already using Red Star Tora 
Food successfully. And here are some other types 
of processors who can use Tora Food to big advan- 
tage: spice, soup, chocolate, peanut butter, sauce 
and gravy, health food, smoked yeast and 
pharmaceuticals. 

If you are a cereal maker (or any food processor) 
who wants a new sales-boosting nutrition story, 
write to us. We'll be happy to show and discuss 
with you work and analysis that has been done. Or 
if you prefer, we'll be happy to have a nutritionist 
call on you. Write to the address below. 


® 
Nutritional Division 


RED STAR YEAST 
PRODUCTS CO. 


Milwaukee 1, Wisconsin 
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ence for Holsteins tended to be highest when they 
were paired with Herefords of a lower quality grade 
than Holsteins (Group A) and lowest when paired 
with Herefords of a higher quality grade (Group C). 
The reverse relation tended to be indicated for Here- 
fords. For the short loin cut, panel members evalu- 
ating Groups A and C indicated highly significant 
juiciness preferences for steaks from the steer having 
the higher quality grade. For the sirloin cut, taste 
and tenderness preferences of those evaluating Group 
A were significantly in favor of Holsteins and Here- 
fords, respectively. By comparison, all eating prefer- 
ences of those evaluating Group C were significantly 
in favor of Herefords, although the taste preference 
was not as highly significant as the others. 

Average differences between breed ratings for the 
over-all preference categories grouped by quality 
grade are summarized in Table 4. As was the case 
when preference categories were grouped by carcass 
grade, the rating differences for Herefords and Hol- 
steins grouped by quality grade were highly signifi- 
cant. The difference in the degree of preference in- 
dicated for the Hereford and Holstein categories of 
Groups A and C illustrated the effect of grade on 
eating preferences; Holstein rating differences of 
Group A were higher than those of Group C while the 
reverse relation existed for Herefords. 

In Group A for the short loin cut the rating differ- 
ences were much higher for Holsteins than for Here- 
fords with the exception of tenderness which had the 
same rating difference for the 2 breeds. The reverse 
relation was indicated for the sirloin cut; only for the 
factor of taste was the rating difference higher for 
Holsteins than for Herefords. Since lack of tender- 
ness was more pronounced for Holsteins in the sirloin 
than short loin cut, it is not surprising that in Group 
A for the short loin cut the differences in the degree of 
preference indicated for Holsteins and Herefords 
were fairly sizable except for the tenderness factor, 
whereas for the sirloin cut the differences were not as 
sizable except for tenderness. It is interesting that in 
Group C for the short loin eut rating differences were 
higher for Herefords than for Holsteins except for 
taste. For the sirloin cut the rating differences for 
juiciness and tenderness were considerably higher for 
Herefords than for Holsteins, whereas those for taste 


Over-all 


Quality 


grade preference Short loin 
grouping category 

Over-all | Taste | Juiciness 

A No preference | — .14 — .29 + .431 
Hereford — 41% — 35 — .06 

| Holstein +1.07% 4+-1.17% +1.03% 

B | No preference — .08 + .13 — .16 
Hereford — — .732 | — 

Holstein + 80? | + .949 | + .802 

© | No preference 0 + 25 | — .75 
Hereford | — .933 — 658 —1.00% 

| Holstein + +1.159 | + .26 


1 Significant at the .05% level. 
2 Significant at the .01% level. 
* Significant at the .001% level. 


CONSUMER PREFERENCES FOR BEEF OF DIFFERENT BREEDS 


TABLE 4 
Average difference between Hereford and Holstein ratings grouped by quality grades 
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indicated the same degree of preference for each breed. 

Compared with over-all quality, the tendency in 
Groups A and © was for the taste factor to have a 
higher rating difference for Holsteins and for the 
tenderness factor to have a higher rating difference 
for Herefords. Consequently, it would appear that 
the taste factor for Holsteins and the tenderness fac- 
tor for Herefords may have influenced the ratings 
both of over-all quality and of the other 2 factors. In 
addition, from the degree of preference indicated for 
the over-all quality as well as for the 3 factors it 
appeared likely that tenderness, when a negative fac- 
tor, exerted more of a ‘‘halo effect’’ than taste; results 
from an earlier study evaluating steaks from steers 
of different age (3) indicated a similar tendency. 


SUMMARY 

Preference evaluations of a consumer household 
panel for steers differing in breed and grade were ob- 
tained. These evaluations were grouped for analysis 
on the basis of both carcass grade and quality grade. 
Analysis of the data indicated that preferences were 
more closely related to quality than to carcass grade. 

Visual preferences did not appear to be related to 
breed except for color, a preference being indicated for 
the darker-color steaks of the Holstein. Eating prefer- 
ences were significantly related to breed and grade. 
The quality grade grouping, however, gave a better 
indication of the effects both of breed and of grade 
than did the careass grade grouping. For the two 
groupings, eating preferences of panel members 
tended to be reversed for the wholesale cuts; they 
were in favor of Holsteins for steaks from the short 
loin eut and of Herefords for those from the sirloin 
eut. Average differences between breed ratings for 
the over-all preference categories indicated that for 
Herefords the degree of preference was highest for 
tenderness; for Holsteins it was highest for taste. 
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Eating preferences 


Sirloin 


Tenderness Over-all Taste Juiciness Tenderness 
— 29 0 + .20 — 602 | — .20 
— —1.138 — — +1.288 
+ .631 + .978 +1.228 + .752 + .B1 
— .08 — .03 + 11 — .08 | -- 21 
— .912 —1.06 — — 862 | --1,234 
+ .522 + .778 + .788 + + 
— .50 + .33 +- 0 0 
— 1.23 — —1,008 —1.328 
+ .531 + .522 + .948 — 06 — 06 
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Effect of Storage and of Cooking on 
Chlortetracycline Residues in 


(Manuscript received October 17, 1958) 


Tue USE OF ANTIBIOTICS in the 
preservation of meat was reviewed recently by 
Deatherage (5). Several investigators have deter- 
mined not only the effectiveness of antibiotics in 
extending the keeping quality of beef, but also the 
detectable antibiotic in the raw tissues after storage 
(6,9, 10). After 72 hours at 10° C., Goldberg, Weiser, 
and Deatherage (6) detected no Aureomycin © residue 
in raw ground meat to which 2 p.p.m. of the anti- 
biotic had been added. Also Jay, Weiser, and Deather- 
age (9) reported that residues in raw beef rounds, 
infused with approximately 5 p.p.m. of chlortetra- 
eyeline (CTC), were nil in almost every case after a 
holding period of from 3 to 20 days at room tem- 
perature. 

Although the effectiveness of CTC in extending the 
storage life of raw meat has been reported, little in- 
formation exists on the inactivation of the antibiotic 
with the application of heat. To date, most of the 
studies on heat inactivation of CTC in flesh foods 


*Journal Paper No. J-3511 of the Iowa Agricultural and 
Home Eeonomics Experiment Station, Ames, Iowa. Project 
No, 1264. 

* Presented at the 18th Annual Meeting of the Institute of 
Food Technologists, Chicago, Illinois, May 27, 1958. 

©The trade name of Lederle Laboratories Division, Ameri- 
ean Cyanamid Company, for the antibiotie chlortetracyeline is 
Aureomycin. 
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have been conducted on poultry (1, 4, 5) and on fish 
2, 3). Poultry and fish are generally dipped in 
solutions containing antibiotics and these foods are 
cooked to the well-done stage. However, the anti- 
biotic may be mixed with ground red meats and uni- 
formly distributed at all depths. Also the degree of 
cooking the red meats receive varies greatly; steaks 
or ground beef may be consumed when the interior 
is almost raw. Therefore, it is important to measure 
the extent of inactivation of CTC in meat cooked to 
different internal temperatures. Since the oppor- 
tunity for bacterial contamination is greater in 
ground meat or in sausage-type meat products than 
it is in whole carcasses or in meat cuts and because of 
the ease of adding the antibiotic to ground products, 
ground beef and frankfurters were chosen for study. 

The objectives of this study were (a) to determine 
the influence of different temperatures encountered 
during cooking on the residual CTC in fresh meat and 
in saussge-type smoked meat; and (b) to investigate 
the effect of storage on residual CTC in sausage-type 
smoked meat. 


EXPERIMENTAL PROCEDURE 


Two experiments were conducted to determine the residual 
CTC in raw and in cooked ground beef. In both experiments, 
ground meat containing 25% fat was prepared from round 
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steaks graded ‘‘U. 8. Choice’’ that were trimmed of fat and 
ground with the estimated amount of fat (fat trimmings plus 
suet). Solutions of different coneentrations of CTC were added 
in the amount of 5 ml. per 100 g. of ground meat so that levels 
of 1.7, 5.0 or 15.0 ug./g. were obtained. Control samples with 
no antibiotic were prepared by treating the meat with an 
equivalent amount of distilled water. After the ground meat 
was stored at 42 + 2° F. for approximately 21 hours, patties 
were prepared and cooked in accordance with usual broiling 
procedures. 

In the first experiment, 60-g. patties (3 x % in.) were cooked 
to the well-done stage. Samples were broiled for 4 minutes on 
one side, turned, and then cooked for an additional 2 minutes. 
Two copper-constantin thermocouples were inserted into the 
approximate center of the patty and during broiling the tem- 
peratures were recorded by an 8-point Brown Honeywell Elec- 
tronik Recording Potentiometer (Model 153 x 60P8-X-31F1). 
A total of 96 ground meat patties weighing 60 g. each were 
broiled to the well-done stage: 4 replicates for each of the 3 
levels of antibiotic and 8 patties in each replicate (8 patties: 
2 controls plus 6 samples containing only 1 level of antibiotic). 

In the second experiment, 120-g. patties (3 x % in.) were 
boiled in a similar manner, but the cooking times, and hence 
the final internal temperatures, were varied as follows: (a) 3 
minutes on one side plus 1% minutes on the other side, 108° F., 
rare; (b) 4 minutes plus 2 minutes, 118° F., medium-rare; (c) 
5 minutes plus 3 minutes, 135° F., medium-done; and (d) 6 
minutes plus 4 minutes, 159° F., well done. The cooking times 
for the different degrees of doneness were based upon the gen- 
eral appearance, color, and juiciness of the meat as determined 
in preliminary studies. Three thermocouples were inserted into 
the approximate center of the patty and, as before, the tem- 
peratures during broiling were recorded on the recording 
potentiometer. Twelve patties prepared from meat treated with 
the same level of CTC as well as 2 controls were cooked for 
each of the above cooking times, but samples that contained 
15 wg./g. of CTC were not cooked to the internal temperature 
of 135° F. (medium-done stage). 

The concentration of CTC in the raw meat was determined. 
For each replicate, 60-g. samples (3 for each treatment level 
and 1 control without CTC) were tested for antibiotic activity. 

Frankfurters with CTC were prepared by an Iowa packing 
plant. The antibiotic was incorporated in the meat emulsion 
in amounts of 15, 30 or 45 ywg./g. In addition, control samples 
without CTC were prepared. In order to determine the effect 
of processing on CTC, samples of the emulsion, not smoked, and 
some of the frankfurters were frozen. Then these samples were 
shipped in dry ice to the laboratory and kept frozen until 
assays were made. 

Frankfurters in one-pound packages wrapped in cellophane 
and packed in a earton were received from the packing plant 
the day after processing. The samples, 8 packages of the con- 
trol and 8 packages of each of the treatment levels, were stored 
under refrigeration (36+ 2° F.). After storage for 1, 8, 15, 
22 or 29 days, 4 packages (1 from each treatment level) were 
removed for assay. Each package contained 10 frankfurters. 
Four frankfurters from each package were reserved for deter 
mination of CTC in raw samples. Six frankfurters were cooked 
in aecordance with the directions suggested by the manufac- 
turer; i.e., the frankfurters were placed in boiling water, were 
held in the water for 10 minutes after the heat was turned off. 
A copper-constantin thermocouple welded inside a 4-ineh hypo- 
dermie needle was inserted into the approximate center of the 
frankfurter. Also, a thermocouple was placed in the cooking 
water. Temperatures were recorded on the recording poten- 
tiometer. At the end of the 10-minute holding period, the 
average internal temperature of the frankfurters was 181° F., 
which was also the approximate temperature of the water. 

Assay procedure. Antibiotic residues were measured by a 
method modified from the pad plate assay techniques deseribed 
by Grady and Williams (7) and by Broquist and Kohler (4). 
A spore suspension of Bacillus cereus (ATCC 9634) prepared 
according to the method deseribed by Grove and Randall (8) 
was used to inoculate brain heart infusion agar adjusted to 
pH 5.5. The samples of meat under test were placed in Mason 


jars, diluted 1:3 with phosphate buffer (0.1 M KH»PQ,, pH 


CHLORTETRACYCLINE RESIDUES IN MEAT 


4.5) and ground for 30 seconds in Osterizers.* Dilutions of 
standard CTC from 10.0 ug./ml. to 0.05 wg./ml. were prepared 
in phosphate buffer. 


RESULTS AND DISCUSSION 


Heat penetration and cooking data. Cooking 60-g. 
meat patties (3 x \% in) for 4 minutes on one side 
and for an additional 2 minutes on the other side re- 
sulted in well-done meat patties with an average in- 
ternal temperature of 201° F. at the end of the cooking 
period. Loss in weight during cooking of the 60-g. 
meat patties was approximately 47% of the raw 
weight (Table 1). 


TABLE 1 


Average weight losses * for meat patties broiled to different 
internal temperatures 


Cooking time Weight loss 
min, %o 
60-g. patties 
6.0 well-done 47 
120-g. patties 
4.5 rare 22 
6.0 medium-rare 27 
8.0 medium-done 35 
‘Each average 48 determinations for 60-g. samples; 36 determi- 


nations for 120-g,. samples 


The average internal temperatures of the 120-g. 
meat patties cooked to different degrees of doneness 
are shown in Table 1. Weight losses during cooking of 
120-g. patties increased from 22 to 40% as cooking was 
continued from the rare to the well-done stage. How- 
ever, the per cent loss in weight in the 120-g. samples 
was smaller than that observed in the 60-g. samples 


“John Oster Manufacturing Co., Racine, Wisconsin. 
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Figure 1. Heat penetration in meat patties. 
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when both were cooked to the well-done stage. Heat 
penetration curves plotted for 60-g. and for 120-g. 
patties (Figure 1) illustrate the more rapid rise in 
internal temperature for the thinner 60-g. samples. 

Residues of CTC in ground meat. When tests were 
made to determine the immediate loss of CTC before 
storage, most of the antibiotic was recovered. For 
example, in one experiment wherein raw ground meat 
was treated with 5 wg. CTC/g. of beef, 92% of the 
amount added was assayed. Microbiological assay of 
antibiotic-treated ground meat samples made after 
storage of the raw meat (about 28 hours at 42 + 
2° F.) or after cooking indicated that, in either the 
raw or the cooked meat, residues of CTC were a linear 
function of the initial concentration. Residues of 
CTC detected in the raw meat were approximately 
66% of the amount of CTC added originally to the 
ground meat. Data plotted in Figures 2 and 3 indi- 
cate that although the residues per unit weight in- 
crease with larger concentrations of added CTC, the 
residual antibiotic in the cooked samples represents a 
comparable fraction of that in the raw samples re- 
gardless of the treatment level used. 

Analysis of variance showed a significant effect of 
treatment level on the residual CTC in the raw meat. 
In the first experiment in which the ground meat was 
cooked in the form of 60-g. meat patties, the residual 
CTC detected in the raw meat after storage (28 hours 
at 42 + 2° F.) averaged 65, 62 and 68% of the anti- 
biotic that was added in amounts of 1.7, 5 and 15 
respectively. In the second experiment, in 
which ground meat was cooked in the form of 120-g. 
patties, residual CTC detected in the raw meat 
treated with 5 pg./g. was 92%. However, the amounts 
of CTC in the raw meat at the other 2 levels did not 
differ appreciably from the concentrations found in 
the first experiment. At the 1.7 wg./g. level, 70% of 
the antibiotic was detected in the samples, and at the 
15 pe./g. level, 65% was detected. 

It may be seen in Figure 2 that average residues of 
CTC in the cooked 60-g. patties were approximately 
24% of the amount originally present. However, dur- 
ing cooking, the weight of the 60-g. patties was re- 
duced to approximately 32 g. or 53% of the raw 
weight. Hence, when corrected for weight loss, the 


GROUND MEAT 
60-GRAM PATTIES 


RESIDUAL CTC (ug/@ 


LEVELS OF CTC 


Figure 2. Residual chlortetracycline in ground meat before 
and after cooking to the well-done stage. 


residual CTC represented approximately 12% of the 
amount present in the raw sample. 

The effect of cooking to different final internal tem- 
peratures on residual CTC in 120-g. ground meat pat- 
ties is shown in Figure 3. It is evident from the slopes 
of the lines corresponding to internal temperatures 
of 108°, 118°, 135° and 159° F. that residues of CTC 
decreased with increasing temperatures. This rela- 


‘ tionship is more clearly illustrated in Figure 4 which 


indicates that residual CTC in the cooked meat is a 
logarithmic function of the final internal tempera- 
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Figure 3. Residual chlortetracycline in ground meat before 
and after cooking to different internal temperatures. 


ture. Heating to temperatures that usually prevail 
during broiling reduced, but did not completely in- 
activate, the antibiotic present in the meat. 

The residual CTC detected in 120-g. and 60-g. pat- 
ties is summarized in Table 2. After correcting for 
weight loss, the average residues of CTC in cooked 
120-g. patties were about 40% at 108° F., 34% at 
118° F., 19% at 135° F. and 13% at 159° F. 

Reports by several investigators on the effect of 
cooking on CTC in poultry have indicated that Aureo- 
mycin present in poultry tissue was completely in- 
activated (1, 4). Results reported in the present in- 
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Figure 4. Relation of residual chlortetracycline to internal 
temperature in broiled ground meat patties. 


: 
tor 
2. | 
+ 
we 
- 
2 4 14 18 
; 
7 
ae 
‘ 
10 
¢ 
= 8 
6 
“9/9 
4 
2 coon 2 
= 
2 2 16 18 
~ 
: 


CHLORTETRACYCLINE RESIDUES IN MEAT 


vestigation on residues found in ground meat do not 
necessarily contradict those reported for poultry since 
the conditions of application of antibiotics in red 
meats are completely different from those used in 
poultry. The antibiotic is on or near the surface of 
poultry where it is exposed to the highest heat, while 
in meat patties or frankfurters it is uniformly dis- 
tributed at all depths. Also, the internal temperatures 
attained in cooking beef are comparatively lower than 
those ordinarily used in cooking poultry. 
Extrapolation of the curves in Figure 4 would 
reveal that at treatment levels of 1.7 or 5.0 pg./g., a 
temperature of about 200° F. might be expected to 
reduce the residues to undetectable amounts. Cook- 
ing to the extrapolated temperature of approximately 
230° F. for the 15 »g./g. level would not be practical 
as preliminary studies showed that broiling 120-g. 
patties for longer periods of time than 14-15 minutes 
and to internal temperatures of 205°-210° F. resulted 
in less acceptable products because of excessive cook- 
ing losses and charring. However, even in the case of 
the 60-g. patties in which the final average tempera- 
ture was 201° F., the antibiotic was present in de- 
tectable amounts in the cooked meat (Table 2). 
Residues in frankfurters. Data obtained on the 
effect of commercial processing of frankfurters on the 


TABLE 2 


Residual CTC in ground meat patties broiled to different 
internal temperatures 


Residual CTC (ug./e.) 


Trestm«nt 


levels 120-gram ? 60-gram2 
(ug./g-) 
| 108°F. | 118°F. 135°F. | 159 F. 201°F. 
1.7 | 0.6 0.5 0.3 0.3 0.2 
5.0 |} 2.2 2.0 1.0 
15.0 | 5.6 5.5 ¥ 2.5 2.3 


1 Average of 24 determinations, for each antibiotic level at each in 
ternal temperature. 

2 Average of 48 determinations, for each antibiotic level at each in 
ternal temperature. 


concentration of CTC indicated that a large per- 
centage of the CTC added to the emulsion was inacti- 
vated during processing. After about 3 hours in the 
smokehouse, during which time the internal tempera- 
ture was raised to 150° F., and after cooking in a 
Jordan Cooker (150° F.), only about 15% of the anti- 
biotic added to the emulsion was detected in the frank- 
furters (Table 3). These results indicated that if 
CTC is to be effective in prolonging the storage life 
of frankfurters, it would be necessary to use anti- 
biotic levels which would be high enough to permit 


TABLE 3 


Effect of commercial processing on CTC concentration 
in frankfurters 


Treatment | CTC! before 


: 
"TC? 
levels | processing CTC? after processing 
% 
15 14.7 os 
30 28.1 4.3 15.2 
45 41.5 6.6 15.8 


1 Average of 14 determinations, for each level of antibiotic. 
2 Average of 12 determinations, for each level of antibiotic. 
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85% destruction of the antibiotic during processing. 

An examination of the data plotted in Figure 5 re- 
veals that CTC residues in raw frankfurters decreased 
as the amount of CTC added to the emulsion was 
reduced from 45 to 15 pg./g. The plotted data indi- 
cated that the concentration of CTC in the frankfur- 
ters was not affected by storage at 36 + 2° F. (Figure 
5). Analysis of variance confirmed the observation 
that under the conditions used in this study, storage 
had no significant effect on residual CTC regardless 
of treatment level. 
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Figure 5. Residual chlortetracycline in frankfurters during 
storage and after cooking. 


The heat penetration curve for frankfurters is 
shown in Figure 6. After 10 minutes holding in hot 
water, the average internal temperature attained at 
the center of the frankfurters was 181° F. Since 
storage was shown to have no significant effect, data 
were combined for the residual CTC in cooked frank- 
furters at each treatment level. Statistical analysis of 
the data obtained on the cooked frankfurters revealed 
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Figure 6. Heat penetration in frankfurters. 
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a highly significant effect for treatment level but no 
significant effect for storage. Cooking according to 
the commercially prescribed procedure reduced the 
CTC in the cooked frankfurters to about 50% of the 
concentration detected in the raw frankfurters. 

Under the conditions used in this experiment, 
processing, storage and cooking resulted in a total 
inactivation of 85-95% of the CTC added to the meat 
emulsion. Although results obtained showed that a 
large percentage of the CTC was inactivated, it should 
be emphasized that 80-85% of the antibiotic inactiva- 
tion occurred during processing in the plant. 


SUMMARY 


Studies were conducted to determine the residual 
CTC in meat after storage and after cocking. Ground 
beef was treated with CTC to contain 1.7, 5.0 or 15.0 
pe./g. of the antibiotic. After about 28 hours at 
42 + 2° F., the residual CTC in the raw meat was 
about 66% of the antibiotic originally added to the 
meat. CTC residues in the cooked ground meat de- 
creased as the final internal temperature was in- 
creased. Residues of CTC at any given temperature 
were a direct function of the initial concentration in 
the raw ground meat. Also the results indicated that 
residual CTC in cooked meat patties was a logarithmic 
function of the internal temperature at the end of 
cooking. 

In frankfurters, the greatest loss of CTC occurred 
during the commercial processing in the packing 
plant. Only about 15% of the CTC added in the meat 
emulsion (15, 30 or 45 »g./g.) was detected in the raw 
frankfurters. After cooking the frankfurters in boil- 
ing water to 181° F., the CTC concentration was re- 
duced approximately 50%. Thus processing and cook- 
ing resulted in a total inactivation of 85-95% of the 
CTC in frankfurters. 

In this study, regardless of treatment level of CTC 
or the temperature attained during cooking, the anti- 
biotic in the meat was not reduced to undetectable 
amounts. 
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riety of important 
chemical properties 
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@ low sweetness 
@ soluble, uniform 


@ free flowing, 
anti-caking aid 


@ flavor-enhancing 
@ pigment-absorbing 


@ valuable nutritional 
properties 


@ crystallization control 
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The Effect of Forty-three Years 


On Strawberry Preserves: 


(Manuscript received March 18, 1959) 


Mosr OF THE INVESTIGATORS who 
have concerned themselves with the problem of color 
change in strawberry preserve have stressed the 
rapidity with which chemical reactions inducing 
browning (i.e., anthocyanin degradation, carbohy- 
drate-organie acid reactions, ete.) proceed. Several 
months of storage at room temperature are usually 
sufficient to produce a definite off color, and the as- 
sociated ultraviolet absorption caused by the presence 
of furfuraldehyde and other carbonyl products of 
carbohydrate breakdown. For these reasons, we wel- 
comed the opportunity to examine a sample of home- 
made strawberry preserve packed in 1915 by a lady in 
Sutton, Massachusetts, and stored in a dry cellar 
during the intervening years. 


EXPERIMENTAL 


The sample was packed in a shallow Atlas jelly glass, meas- 
uring 3%,” O.D. at the top, 244” O.D. at the bottom and 2%” 
in height (Figure 1). The closure was slightly corroded on the 
outside and extremely corroded along the inside rim (so much 
so that the lid was tightly held to the jar), but free of cor- 
rosion on the rest of the inside surface. The contents were 
covered by a layer of wax whose surface exhibited a corrugated 
appearance. The preserve itself was very dark brown in color, 
and composed of lumps of fruit and gel in a medium of dark 
brown syrup. 

Because the lid of the jar bulged out, apparently due to 
internal gas pressure, a sample of the headspace gas was drawn 
with a syringe and analyzed using a Perkin-Elmer Model 154B 
Vapor Fractometer. It was found to have the same composition 
as air, indicating that gas produced in storage must have 
diffused out under the closure. 

Sugars were extracted with hot C.H,OH, the latter being 
evaporated and the residue dissolved in water. The aqueous 
solution was clarified with neutral lead acetate, the exeess lead 
being precipitated by NasC,O,. The solution was filtered, made 
to volume and analyzed for glucose, fructose, and sucrose by 
the Luff-Shoorl modification of the Kolthoff-Kruisheer method 
(1). For the determination of anthocyanin pigment (pelargoni- 
din-3-monoglucoside) the method of Sondheimer and Kertesz 
(5) was used. Ultraviolet absorption was measured with a 
Beckman DU Spectrophotometer on a clear extract obtained in 
the anthocyanin determination, and caleulated as mg % of 
5-hydroxymethyl-2-furaldehyde (2). Total acidity, moisture, 
ash and alkalinity of ash were determined by standard A.O.A.C. 
procedures (4). A Beekman Model G pH meter was used to 
determine pH, and an Abbe type refractometer was employed 
to obtain the refractive index, while viscosity was measured 
with a Brookfield Synchro-Lectrie Viseometer equipped with a 
No. 1 spindle and operated at 20 r.p.m, Color was measured in 
two ways (a) C.I.E. chromaticity eoordinates were calculated 
by the ten point selected ordinate method from spectral reflect- 
ance measurements obtained with the Beckman DU Spectro- 
photometer, and (b) a Gardner Color Difference meter was 

“Contribution No. 1185 University of Massachusetts, College 
of Agriculture Experiment Station. 
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used to find the tan“ a:/b. which has been shown by the au- 
thors to constitute the most satisfactory measurement of color 
quality in strawberry preserves (3). 

For purposes of comparison, identical analyses were con- 
dueted on (a) composite sample of 4 commercially packed jars 
of strawberry preserves of different brands, purchased in a 
local market just prior to the analyses, and (b) a sample of 
strawberry preserves prepared by the open kettle method, 
processed after packing for 30 minutes at 240° F., (to aceelerate 
discoloration) and kept in an incubator at 100° F. for 2 years 
prior to the analysis. 


RESULTS AND DISCUSSION 

The data provide the basis for some interesting 
observations on the extent to which various chemical 
changes known to be taking place during the storage 
of preserves, will proceed over a prolonged time span, 
For example, the inversion of the sucrose in storage, 
which is evident from an inspection of data on the 
fresh and 2-year old sample, is found not to go to com- 
pletion over the 43-year period. Degradation of the 
monosaccharides continues, however, as indicated by 
the very high ultraviolet absorption, and reduced 
total sugar content. 

The anthocyanin pigment is total'y lost within the 
initial months of storage and the color of the preserve 
is due entirely to end products of the carbohydrate 
and pigment degradations. The total acid content 
continues to inerease, presumably due to the forma- 
tion of acidic end products, but the buffer system 
present maintains a nearly identical pH. 

Moisture loss due to evaporation during the pro- 
longed storage is obvious, since the preserve could not 
very well have had an initial total solids content of 


Figure 1. Sample of 43 year-old strawberry preserve. 
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TABLE 1 the older preserve was both darker (—1.93%Y) and 


Results of physical and chemical determinations carried out on 
fresh, 2 year-old and 43 year-old samples of 
strewberry preserves 


Sample 
Determination | Fresh 2 Year-old 43 Year-old- 
Wet Dry | Wet | Dry Wet D 
basis basis | basis | basis basis basis 

Glucose (% ) | 16.4 22.6 | 31.5 | 46.0 34.4 44.0 
Fructose (%) | 17.0 23.4 28.6 | 41.7 29.7 38.0 
Sucrose (%) $4.3 47.2 | 49 | 4.6 5.9 
Total Sugar (%) | 67.7 93.2 | 65.0 | 94.9 68.7 88.0 
Moisture (%) 27.4 31.5 | 21.9 
Soluble solids (%)| 68.8 | 94.8 | 67.7 98.8 76.7 98.2 
Total Solids (%) | 72. 68.5 781 
Pelargonidin-3 | 

monoglucoside | | 

(mg. %) 4.7 6.5 0 0 
Ultraviolet | | 

Absorption (as | 

mg. % HMF) 23 32 396 578 | 930 1191 
pH 3.10 8.15 | 8.10 
Total acid (as 

% citric acid) 0.56 0.77 0.76 1.11 0.89 1.14 
Ash (%) 0.18 | 025 | 0.19 0.28 O37 O47 
Alkalinity of ash | | 

(mL. 01 NHO)) 3.5 | 0.6 | 6.1 
Viscosity 

(centipoise) 37 64 320 
C.L.E. % 16.21 | 4.84 | 2.91 

x 0.652 0.501 | 0.473 
y 0.331 | 0.862 0.378 

at/bt 61.9 |—8.91 —46.9 


78% without undue crystallization. The higher solids 
content accounts in part at least, for the increased 
viscosity. 

From the standpoint of color, the 2-year-old and the 
43-year-old preserve were totally unacceptable, but 


less red (—37.99 tan-' a,/b;) than the 2-year-old pre- 
serve. While the 2-year-old preserve had a bitter and 
objectionable taste, the 43-year-old sample had merely 
a very caramelized taste. 

In the light of these data, the practice of using 
short term high temperature storage (at 100° F.) to 
simulate the chemical changes occurring in preserves 
over extended storage at room temperature seems 
justified, although flavor changes which occur under 
the accelerated conditions might not parallel those 
taking place over a longer time at lower temperatures. 
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Light Destruction of Riboflavin 
Partially-baked Rolls ° 


(Manuscript received April 11, 1959) 


Tue ENRICHMENT PROGEKAM of re- 
cent years has made bread an important contributor 
to the total intake of B vitamins. That riboflavin is 
susceptible to destruction by light has been well estab- 
lished by a number of workers who have investigated 
the phenomenon in bread and in _ partially-baked 
(Brown’n Serve) rolls. It has been shown (3) that 
loss of riboflavin in loaf bread is negligible, presuma- 
bly due, at least in part, to protection from light by 
the crust. Loy, Haggerty, and Combs (2) showed, 
however, that loss of the vitamin occurs in partially 
baked rolls which do not have the protective effect of 
the crust. Losses occurred in riboflavin content of the 
partially baked rolls both unwrapped and wrapped in 
clear cellophane when the rolls were exposed to either 
artificial light or sunlight. Birdsall and Teply (1) 
wrapped rolls in waxed paper and in aluminum foil 
and exposed them to light. As might be expected, less 
riboflavin loss occurred in the foil-wrapped rolls. 
Those wrapped in waxed paper did not lose as much 
of the vitamin as did the controls. 

Use of aluminum foil as a wrapping material might 
be objectionable to the baker because of increased 
cost, and possibly to the consumer since the packaged 
product would not be visible. The investigation here 
reported was undertaken to evaluate other protective 
wrapping materials such as colored cellophane, which 
would not prevent the consumer from viewing the 
product before purchase. Yellow or amber colored 
cellophane wrapping would not give the product a 
color too unlike the natural. The usefulness of amber 
bottles in protecting chemicals from light destruction 
is well known. Stamburg and Theophilus (5) have 
shown that light destruction of riboflavin in milk is 
inhibited by the use of amber bottles. 


EXPERIMENTAL PROCEDURES 


Twelve-roll packs of partially-baked rolls were obtained as 
they came off the ‘‘line’’ at a loeal bakery. Four packs of rolls 
were wrapped in the bakery’s clear cellophane. Three packs 
were wrapped in DuPont 300 MSC Amber (yellow) cellophane 
and three in DuPont 300 MSC Tango (orange) cellophane.” 
During transport to the laboratory all packages were carefully 
protected from light. The riboflavin content of one pack of 
rolls was determined immediately upon arrival at the laboratory. 

Nine packages of rolls (3 in each of the 3 experimental 
wraps) were exposed at room temperature to 60 foot-candles of 
light for 1, 2, or 3 eight-hour periods simulating the 8 hours 
of light in 1, 2, or 3 days on the grocery store shelf. The light 

* Based on a thesis submitted by Lois Carter to the Graduate 
Faculty, Alabama Polytechnic Institute, in partial fulfillment 
of the requirements for the degree of Master of Science in 
Home Economies. 

"Colored cellophanes courtesy of E. I. DuPont de Nemours 
and Company, Wilmington, Delaware. 


Lois Carter Stephens and 
Marion Faulkner Chastain 


School of Home Economics, Aiabama 
Polytechnic Institute, Auburn, “labama 


intensity as well as the number of periods of light exposure 
simulated store conditions. Sixty foot-eandles was found to be 
the average intensity of light striking rolls in 5 local stores. 

For analysis the 12-roll units, broken into individual rolls, 
were first dried in an electric oven for four hours at 50°-60° C., 
and then were dried at room temperature for 12 hours. Loy, 
Hagerty, and Combs (2) used a similar procedure and found 
that no loss of riboflavin oceurred during the drying process. 
The entire 12 rolls were ground in a Waring blender and were 
stored in brown glass jars under refrigeration until analysis. 
Three 8-g. samples of ground material from each package of 
rolls were used for assay. From the solution made from each 
8-g. sample were taken two 10-ml, samples for measurement of 
riboflavin content. The riboflavin analyses were done according 
to the A.O.A.C. fluorometric method. 


RESULTS AND DISCUSSION 


The riboflavin content of the rolls before exposure, 
and after exposure in each of the 3 wrapping materials 
is shown in Table 1. The slight rise in riboflavin con- 
tent after the second exposure period cannot be ex- 
plained. After a considerably longer exposure time 
(14 days) Loy, Hagerty, and Combs (2) observed an 
increase in riboflavin content which they attributed 
to the development of visible mold. Mold was not 
observed in the work here reported. As can be seen 
in the table, riboflavin content fell again after the 
third exposure period. However, that of the rolls in 
the Tango wrap remained above the value observed 
after one period of exposure. 

That protection was offered by the colored cello- 
phanes is apparent. After each exposure-period 
greater amounts of riboflavin were found in rolls 
wrapper in colored cellophane than were found in 
rolls wrapped in clear cellophane. Of the two colored 
wrapping materials, that which transmitted less light 
(Tango) offered the greater protection as might be 
expected. 

In terms of per cent loss, the rolls in the clear cello- 
phane lost 16.5% and those in the Amber, 13.2% of 
their original ribofiavin content after three 8-hour 
exposure periods. The rolls in the Tango wrap, 
showed a loss of 1.7% after the same time. However, 


TABLE 1 


Effect of wrapping material and exposure to light on riboflavin 
content of partially-baked rolls 


Riboflavin (mg./100 


Exposure period' 


ear Amber Tango 
cellophane | cellophane cellophane 


) 0.390 0,435 0.444 
9... 0.406 0.459 0,480 
0.399 0.415 | 0.470 


1Each exposure period represents 8 hours exposed to sixty foot 
candles of light. 
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a greater loss (7.1% ) was obtained in Tango-wrapped 
rolls after just one exposure period. The riboflavin 
furnished by 3 rolls (average dry weight, 23 g.) would 
be 0.33 mg. or 20% of the Recommended Daily Allow- 
ance (4). After three 8-hour periods of exposure in 
clear cellophane, the amount of riboflavin furnished 
would be 0.28 mg. or 17% of the Recommended Daily 
Allowance. This slight reduction in nutritive value 
seems to indicate that light destruction of riboflavin 
in the product investigated is of minor importance. 

As noted above, the experimental conditions were 
designed to simulate local grocery store lighting. 
Under these conditions, light-destruction of riboflavin 
in partially baked rolls is not great. Three of the 
stores in which lighting conditions were checked were 
small independent markets. The two stores of super 
market category had light intensities greater than 60 
foot-candles. Greater losses or riboflavin might there- 
fore be expected to occur in the latter type store. On 
the other hand, sales turnover of the product would 
be greater in the super market, and although intensity 
of light striking rolls would be greater, the exposure 
period would be shorter, and total loss might there- 
fore not differ greatly from losses obtained in this 
investigation. 


SUMMARY 


The photo-destruction of riboflavin in partially- 
baked rolls was investigated under simulated grocery 
store conditions. Colored cellophane wraps were 
tested for effectiveness in protecting rolls from light. 
Losses of riboflavin were slight in all cases. Losses 
were lower in rolls wrapped in Tango (orange color ) 
wrapping than in Amber (yellow) wrapping and were 
lower in the latter than in clear cellophane. 
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A Comparison of the Methods for Applying 
Acronize: Chlortetracycline to Beef 


(Manuscript received April 2, 1959) 


Us OF ANTIBIOTICS has been 
among the most outstanding methods of food preser- 
vation studied in recent years. Tarr et al. (14) 
reported in 1952 the successful preservation of fish 
and ground beef by using the broad-spectrum anti- 
biotic chlortetracycline. Since then many reports 
have been published which demonstrate the effective- 
ness of this antibiotic on a variety of foods (1, 3, 6,7, 
11, 12, 13, 15, 16, 21, 22). Goldberg et al. (8), Weiser 
et al. (19, 20) and Deatherage (5) have shown chlor- 
tetracycline to be effective in extending the storage 
time of red meats. 

Ayres (2) reviewed the microorganisms isolated 
from the surface of ground beef. Although a large 
number of different genera of microorganisms con- 
tributed to the initial contamination, Ayres found 
that at the time of spoilage, more than 98% of the 
flora was comprised of Achromobacter and Pseu- 
domonas. These findings were corroborated by Kirsch 
et al. (10) in their studies of the bacteriology of re- 
frigerated ground beef. Chlortetracyecline has been 
demonstrated to effectively inhibit Pseudomonas and 
Achromobacter. Goldberg et al. (8) reported, more- 
over, that 81 of 92 distinet microorganisms isolated 
from beef were inhibited by chlortetracyeline. A 
study (5) of 300 isolates from chlortetracycline- 
treated beef showed no organisms preferentially in- 
sensitive to the antibiotic. Extensive studies have 
been conducted on both animals and humans which 
have conclusively proven the safety of the antibiotic 
for food use-—even for those rare individuals who are 
allergic to therapeutic doses of the tetracyclines (18). 
In order to establish tolerated dietary concentrations 
of the antibiotic in laboratory animals, rats were fed 
as much as 10,000 p.p.m. chlortetracyeline daily for 
2 vears without deleterious effect. In fact, there was 
increased longevity and decreased morbidity above 
the 100 p.p.m. level (17). 

While permission to use chlortetracycline in or 
upon meats has not as yet been granted by the U. 8. 
Government, approval for such use has been given by 
several foreign countries. The U. S. Food and Drug 
Administration in April, 1959, established a tolerance 
of 5 p.p.m. chlortetracyeline in or on uncooked verte- 
brate fish, shucked scallops, and unpeeled shrimp. A 
tolerance of 7 p.p.m. chlortetracycline in or upon 
raw poultry was granted in November, 1955. The 
purpose of this paper is to demonstrate and to com- 
pare the effectiveness of various methods and combi- 


*The trademark of American Cyanamid Company for the 
food grade of chlortetracyecline is Acronize. 


M. C. Firman, H. J. Bachmann, 

F. J. Heyrich, and P. F. Hopper 
Food Industry Department, American 
Cyanamid Company, Princeton, New 
Jersey 


nations of methods for applying chlortetracyeline to 
beef under commercial conditions. 


MATERIALS AND METHODS 


Application. Chlortetracycline (CTC) may be applied to 
beef by several methods (4). The animal may be injected prior 
to slaughter, whereby the animal’s heart and vascular system 
are used to disperse the antibiotic thoroughly throughout the 
meat tissue. The dressed sides of beef may be sprayed with 
CTC and the chill cloths dipped in the spray solution, whereby 
the antibiotic is distributed over all surfaces of the meat. The 
finished retail cuts of meat may be sprayed with the antibiotic 
or wrapped in cellophane impregnated with CTC, whereby the 
antibiotie is again distributed over the surfaces of the meat. 

Injection. Fifty ml. of a solution containing 1.325 g. CTC 
sulfate (80% as active as CTC hydrochloride) and 1.325 g. 
glucose, was injected into the jugular vein toward the heart of 
each animal. The average animal weighed 500 lb., and the con- 
centration of CTC was ecaleulated at 4.6 p.p.m., based on ani- 
mal weight. The actual amount attained in the tissues was 0.80 
to 0.86 p.p.m,. CTC. 

Spraying and clothing sides. Each side was sprayed with 
125 ml. of a solution containing 100 p.p.m. CTC, 100 p.p.m. 
eitrie acid and 800 p.p.m. sodium chloride. Chill cloths were 
dipped in the same solution prior to application. Non-sprayed 
sides of beef were covered with chill cloths dipped in 15 to 
20% brine. 

Spraying retail cuts. Cut steaks were sprayed with a solu- 
tion containing 100 p.p.m. CTC, 

Wrapping retail cuts. Cut steak and ground meat samples 
were wrapped in cellophane impregnated with CTC. 

Packaging. The plain cellophane film used for packaging 
was Olin Mathieson OF-16. The outside of it was coated with 
nitrocellulose while the side next to the meat was uncoated so 
that it would be wet and permeable to oxygen. In the case of 
antibiotie-treated film, the base sheet was impregnated with 
CTC so as to give a film assaying 150 y CTC/g. or 8 to 10 
mg./sq. meter by microbiological assay. Trays for ground meat 
samples were No. 1, Foodtainers, 5” x 5” x 1”, Diamond Match 
Company. Backing boards for steaks were Rodeo Prepackaging 
Boards, 5” x 7”, Sutherland Paper Company. 

Samples. Individual carcasses were sampled immediately 
after slaughter and again after hanging 48 hours in a room at 
38° to 42° F. Samples were obtained by cutting a 50-g. section 
from the distal end of the hanging tenderloin, the ventral side 
of the neck, and the rump portion of the round of each carcass. 
These samples were then placed in polyethylene bags, frozen 
by dry ice and shipped to the laboratory for CTC assays and 
microbial counts. 

Individual sides from each treated and untreated carcass 
were divided so that 10 steaks and 10 one-pound samples of 
ground meat were available for packaging. Those samples 
from the left side were packaged in cellophane impregnated 
with CTC and those from the right side in plain cellophane. 
All of these packaged samples were stored in a room at 42° F, 
for various intervals. Two steak and 2 ground meat packages 
from each side were opened and examined organoleptically for 
color, appearance, and odor, after which they were closed and, 
together with the other samples, placed in polyethylene bags, 
frozen by dry ice and shipped to the laboratory for microbial 
counts. CTC assays were performed on samples 3 days after 
packaging. 
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ANIMALS 
NOT INJECTED 


CARCASSES 
NOT SPRAYED 


SPRAYED cuTs 
cuTs NOT SPRAYED 


IMPREGNATED PLAIN IMPREGNATED PLAIN 
FILM FILM FILM FILM 


Figure 1. Outline of the ‘‘in plant’? experiment. 


Analytical methods. Microbial counts were performed ac- 
cording to methods reported by Kohler et al. (13). A modifiea 
Food and Drug Administration eylinder plate assay method 
(9) was employed to determine the CTC content of samples. 
The packaged samples were examined each day for color, 
appearance and odor. 

Procedure. Eight animals were injected and 10 held as con- 
trols. After 4 hours the animals were slaughtered and dressed. 
Careass samples were removed from each side. The sides of 4 
injected and 4 non-injected animals were sprayed and clothed 
with chill cloths dipped in the CTC spray solution. The re- 
maining sides were clothed with chill cloths dipped in brine. 
The sides were then held in a room at 38° to 42° F. for 
further processing. After 2 days of storage, the experiment 
was divided into two separate phases to simulate ‘‘in plant’’ 
and ‘‘in store’’ retail cutting and packaging. 

‘*In plant’’ phase. Two of the carcasses which were neither 
injected nor sprayed were used for the ‘‘in plant’’ test. Ten 
steak packages were prepared from each side. Those from one 
pair of sides were packaged with no further treatment. Samples 
from the other pair of sides were sprayed as indicated and 
then packaged. In each case the samples from the left side 
were wrapped in impregnated cellophane and those from the 
right in plain film. 

The packages were placed loosely in eardboard boxes and 
were trucked 200 miles with 10 stops en route, at which times 
the truck was opened to simulate delivery to a store after pre- 
vious unloadings. Temperature of the truck when first opened 
for loading was 39° F.; after loading it was 51° F. At the 
first of 10 stops it was 45° F. and at the 10th stop 38° F. The 
outside temperature was 97° F. at the first stop and 86° F. at 


the last stop. The individual packages stood the trip quite well 
and were not distorted. After arrival they were stored in a 
room at 38° to 42° F. to simulate store handling conditions 
and sampled as indicated. CTC assays were performed on the 
sumples 3 days after packaging so as to allow the treated film 
to come into equilibrium with the meat. The outline for the 
experiment is given in Figure 1 and the results in Table 1. The 
abbreviation ‘‘CTC’’ will be used throughout the tables for 
chlortetracycline. 

**In store’’ phase. The ‘‘in store’’ packaging phase of the 
experiment was performed on the balance of the carcasses. At 
the end of the 48-hour chill period, the carcasses were again 
sampled at the neck, tenderloin and round. The chill cloths 
were removed and the sides trucked 200 miles, as described 
before. The sides were then held in a room at 38° to 42° F. 
until eut-up time. On the 3rd day after slaughter one complete 
set (8 sides) was cut up and packaged. At this time the re- 
maining sides were covered with polyethylene to retard dehy- 
dration. On the 5th day the film was removed. On the 6th day 
after slaughter, one complete set of carcasses (8 sides) was 
trucked to a store, cut up, packaged and returned for storage. 
On the 7th day, 2 eomplete sets (16 sides) were processed in 
the same manner. In each case 10 steaks and meat for 10 
ground meat samples were taken from each side. The samples 
from the left side were wrapped in CTC-impregnated film and 
those from the right side in plain film. The methods of CTC 
application are shown in Figure 2. Results of this phase of 
the experiment are shown in Tables 2-5. 


RESULTS AND DISCUSSION 


Chlortetracycline assays and microbial counts. 

A. ‘‘In plant’’ experiment. The results are shown 
in Table 1. 

The following observations can be made from the 
data in Table 1. Film impregnated with chlortetra- 
eyeline is effective in retarding spoilage of steaks— 
when microbial counts of treated samples are com- 


TABLE 1 
Chlortetracycline (CTC) assays and microbial counts of steak 
treated by CTC spray solution and CTC-impregnated 
film and stored at 40° F. 


oTo 
/g. meat? Microorganisms x 10*/g. meat? 
Treatment (5 days Days after 
after 
—__—--- ——| packag- 
Spray Film ing) 0 3 5 ee eS 
None | Plain 0 0.01 | O11 | 31 70 213 
None CTC 0.17 0.02 0.01 1.7 45 61 
Plain 0.50 0.01 0.01 0.04 0.38 
cto | cTc 0.47 0.01 | 0.01 0.02 0.2 0.3 


4 Averages of 2 packages each. 
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Figure 2. Outline of the ‘‘in store’’ experiment. 
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ANOTHER ORIGINAL VANILLA FLAVOR 


FROM 


ALSO ASK 
ABOUT THE ORIGINAL VANILLA FLAVORS 


CREATED FOR: 


Cake Mixes * Prepared Icings * Puddings 
Cookie Mixes * Beverage Powders 
Dessert Powders * Coatings * Toppings 
Candies * Syrups * Cremes 


SPECIAL PRODUCTS DIVISION 


ANILLA LABORATORIES, Inc. 


ROCHESTER, N.Y. 
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CONTINENTAL SCIENTISTS WHO WORK FOR YOU 


THE METALLURGIST 


When packaging developments need metal know-how 


Continental customers get them first 


Technological progress in metals developments is mak- 
ing selection of the right material increasingly difficult. 
To specify the type of metal best suited to a product 
and its container—or for a machine component— 
Continental’s Metal Division Research and Develop- 
ment Center relies on the metallurgist’s knowledge of 
the composition, structure and properties of ‘metals 
and their alloys. 

Important considerations in the metallurgist’s selec- 
tion are the behavior of the metal under stress during 
high-speed slitting, body-forming and can-closing. 


(CE CONTINENTAL CAN COMPANY 


He works closely with the mechanical engineer and 
machine designer in the practical use of newly de- 
veloped materials to improve both can-making and 
can-closing equipment. He works with the packaging 
engineer in utilizing new materials to improve con- 
tainer performance. The metallurgist is also the 
authority on metal joining through use of solder, 
adhesives or welding techniques. 

As a Continental customer, you can be sure that 
the best in scientific manpower, facilities and equip- 
ment are always working in your behalf. 


Eastern Division: 100 E. 42nd St., New York 17 
Central Division: 135 S. LaSalle St., Chicago 3 
Pacific Division: Russ Building, San Francisco 4 
Canadian Division: 790 Bay Street, Toronto | 
Cubon Office: Apartado 1709, Havanc, Cube 
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METHODS FOR APPLYING CHLORTETRACYCLINE TO BEEF 


pared to those of the untreated controls. Spraying 
steaks with chlortetracycline is more effective in re- 
tarding spoilage than wrapping steaks in chlor- 
tetracycline-impregnated film—at the levels of use 
employed in this experiment. When both types of 
treatment are employed, there is no additional shelf 
life for the steaks beyond that obtained with a chlor- 
tetracycline spray alone. 

B. ‘‘In store’’ experiment. The data for carcass 
samples cut 2 days after slaughter are shown in 
Table 2. 

The data in Table 2 indicate that the levels of chlor- 
tetracycline achieved by injection and/or spraying 
were adequate and similar to those obtained in pre- 


TABLE 2 


Chlortetracycline assays and microbial counts of samples from 
injected and sprayed carcasses stored at 40° F. 


Microorganisms x 


Treatment | CTC +/g. meat* 10°/g. meat} 

— Spray Neck | Round — Neck Round — 
None None | 0 0 0 0.02 | 4.7 | 0,02 
OTC None | 0.62 0.82 0.86 0.01 | 0.03 | 0,02 
None | CTC 0.27 0.28 0.16 0.01 | 0.27 | 0.04 
CTC CTC 0.94 0.97 1.19 | 0.002 | 0.02 | 0.004 
| 1 Averages of 4 carcasses each. 
vious experiments of this type. The residues of 


chlortetracycline after spraying and/or after injec- 
tion with chlortetracycline were found to be uni- 
formly distributed in or on the meat. There was no 
gross contamination of the carcasses, based on micro- 
bial counts. 

The data for the 


~ 


samples cut up and packaged : 
days after slaughter are presented in Table 3. 

The data for the samples cut up and packaged € 
days after slaughter are presented in Table 4. 


The data for the 
days after slaughter are presented in Table 5. 


is an average of 2 complete sets of sides. 
A study of Tables 3, 4 and 5 reveals that cut-up 


Injection 


None 
None 
CTO 
OTC 


None 


None 
None 
None 
None 
OTC 
CTC 


Treatment 


Spray 


None 
None 
None 
None 
CTO 
CTC 
CTC 
CTC 


None 


1 Averages of 2 packages each. 


Plain 
CTC 
Plain 
CTC 


cTo 
meat? 


samples cut up and packaged 7 


This 
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TABLE 4 
Chlortetracycline assays and microbial counts on steak and 
ground meat treated by injection, spray and 
film and stored at 40° F. 


Steak 
Microorganisms x 10®/g. meat? 
Treatment CTC Days after packaging 

7/8. 

njec- | meat | | 

tion Spray Film 0 3 5 8 
None None Plain 0 0.014 0.79 3.54 841 
None None CTC 0.34 0.02 0.22 0.33 16.4 
OTC None Plain 0.4 0.16 0.09 0.38 1.87 
oTC None CTC 0.74 0.13 0.06 0.29 0.88 
None OTC Plain 0 1.03 0.43 58.1 456 
None | OTC CTC 0.43 0.012 0.07 5.39 | 235 
OTC oT Plain 0.22 0.12 0.02 0.13 15.98 
CTC | CTC CTC 0.57 0.11 0.08 0.30 | 12.8 

Ground meat 

None None Plain 0 0.024 0.12 5.34 301 
None None CTC 0.14 0.02 0.09 2.87 232 
OTC None Plain 0.32 0.07 0.11 0.08 0.52 
OTC None CTC 0.43 0.041 0,07 0.05 0.16 
None OTC Plain 0.10 0.015 0.039 0.34 | 80.4 
None | OTC oT" 0.27 | 0.01 0.026 | 0.16 | 17.7 
OTC CTO Plain 0.238 0.04 0.032 0.038 | 0.56 
CTO OTC CTC 0,32 0.052 0.056 0.088 0.45 


1 Averages of 2 packages each. 


packaged meat had a longer shelf life when packaged 
3 days after slaughter than when packaged 6 or 7 
days after slaughter. The concentrations of chlor- 
tetracycline obtained in the meat in this experiment 
were in descending order: injection plus spray, injec- 
tion, spray, and finally, impregnated cellophane; the 
effectiveness followed the same order. 

Organoleptic findings. In general the organoleptic 


results followed the microbiological findings. The 
treated film definitely aided color retention. Color 


retention was better in areas where the meat was in 
intimate contact with the film as opposed to areas with 
an air space between film and meat. This was true 
whether the film was treated or not. The undersur- 
face of both steaks ana ground meat was brighter 
even when evidence of grayness appeared on the top 
surface. 

Essentially no difference in over-all appearance was 


TABLE 3 


Chlortetracycline assays and microbial counts on steak and ground meat treated by injection, 
spray and film and stored at 40° F. 


Steak 


0 


0.013 
0.012 
0.005 
0.0001 
0.002 
0.001 
0.006 
0.005 


Microorganisms x 10°*/g. meat! 
Days after packaging 


Ground meat 


0.057 
0.051 
0.029 
0.024 
0.027 
0.02 

0.018 
0.02 


3 5 8 10 
0.013 8.56 82.7 897 
0.012 0.73 60.1 276 
0.002 0.001 1.38 13.6 
0.0007 0.0023 0.72 1.03 
0.0008 0.14 12.4 225 
0,007 0.19 12.5 87.9 
0.001 0.012 0.57 5.88 
0.004 0.005 0.29 0.25 
1.03 57.8 101.4 346 
0.73 55.1 144.2 91.1 
0.08 0.013 0.02 0.26 
0.019 0.11 ).008 0.25 
0.038 0.28 0.94 81.0 
0.02 0.14 0.69 7.3 
0.004 0.019 0.015 0.2 
0.009 0.029 0.005 0.25 
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CTO 0.76 
None CTO 0 
’ oTo Plain 0.44 
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None Plain 0.83 ot 
None OTC 0.83 
CTC 0.15 
OTC 0.20 
CTO 0.87 
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TABLE 5 
Chiortetracycline assays and microbial counts on steak and 
ground meat treated by injection, spray and 
film and stored at 40° F. 


Steak 
Treatment Microorganisms x 10°*/g. 
| __ Days after peckaging 
‘ | x 
| Film | | 6 | 3 5 
None | None Plain | 0 0.051 | 4.34 305 581 
None None | OTC O17 | 0.008 | 7.18 51.4 376 
OTTO None Plain | 0.23 | 0.008 | 0.043 0.25 68.8 
CTC | None | CTC | 0.30 | 0.005 | 0.17 0.17 3.35 
None | OTC Plain | 0 0.004 | 2.73 | 6.46 201 
None | OTC | CTC 0.17 0.004 | 0.24 5.5 468 
oTc | OTC | Plain 0.61 0.004 | 0.048 | 0,113 1.59 
oTc | CTC | CTC | 0.83 | 0.007 | 0.095 | 0.008 2.0 
Ground meat 

None | None | Plain | o 0.147 | 6.69 |2850 1380 
| | | | save | | 

oTo | None oTc 0.438 | 0.074 0.074 0.11 3.49 
None oTe Plain 0.36 | 0.436 0.237 0.33 4.94 
None oTo OTO 045 | 0.02 0.02 0.14 0.69 
oTe CoTo Plain 2.76 0.102 0.09 0.16 0.77 
oTOo CTO oTo 1.45 | 0.286 0.067 0.154 0.97 


' Averages of 4 packages each. 


observed between the injected, film-treated samples 
and the injected, sprayed, film-treated samples. The 
samples from injected aminals were superior to those 
from sprayed carcasses or control carcasses wrapped 
in treated film. 

Effective levels of chlortetracycline have been ob- 
tained in meat in these experiments and clearly 
demonstrate that the antibiotic may be applied by a 
number of procedures. The effectiveness of chlor- 
tetracycline in prolonging the salability of packaged 
meat is related to the level of antibiotic obtained in 
the meat and that level is of course related to the 
method of application. Although the film impreg- 
nated with chlortetracycline proved less effective in 
prolonging shelf life than either the spray or injec- 
tion application methods, it is easily seen that the 
chlortetracycline assays for film-treated samples were 
usually lower than those for other samples. One 
would expect that meat would have a longer shelf life 
if the animal had been injected with chlortetracycline 
than if the sides were merely sprayed on the surface 
with a solution of the antibiotic. The data bear out 
this expectation, not only microbiologically but or- 
ganoleptically as well. It is reasonable to predict that 
if the amount of chlortetracycl'ne applied as a spray 
or in a film were at a level equal to that obtained by 
the injection technique, the shelf life would approach 
that obtained by the injection method of applying 
chlortetracycline. It is important to note that the 
meat was unsalable organoleptically slightly before 
the microbial counts had increased to unacceptable 
levels, indicating that the housewife’s criteria of 
freshness (appearance and odor) have not been altered 
by the use of an antibiotic. 


SUMMARY AND CONCLUSIONS 


The effectiveness of chlortetracycline for extending 
the shelf life of beef was demonstrated and various 
methods for applying the antibiotic were compared 


for such use. The ability of the antibiotic to prolong 
the salability of beef was dependent upon its level in 
the meat and that level was, in turn, related to the 
application method. At the amounts used, chlortetra- 
cycline was most satisfactory when administered by 
both an intravenous injection to the live animal im- 
mediately before slaughter, and as a spray immedi- 
ately after slaughter. In order of decreasing effec- 
tiveness were the injection, the spray and finally, the 
impregnated cellophane methods of application. 

From data reported, it may be concluded that the 
use of chlortetracycline applied directly as a spray to 
beef cuts or as an impregnated film will make ‘‘in 
plant”’’ packaging of meats a possibility. Chlortetra- 
eycline applied to meats by an injection to the live 
animal, as a carcass or retail cut spray, or as an im- 
pregnated film will also increase the period of sala- 
bility of meat packaged at the retail level. 
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Prevention of Darkening in Frozen Broilers’: 


(Manuscript received April 11, 1959) 


Te BROILER INDUSTRY has made a 
phenomenal growth during the last two decades. Pro- 
duction in the United States in 1958 was 1,552 mil- 
lion broilers valued at $988 million. Georgia had the 
highest production of any state with 292 million 
broilers valued at $164 million. The quantity of 
poultry frozen also has steadily increased, from less 
than 10 million pounds in 1937 to 130 million pounds 
in 1947 and 530 million pounds in 1957. 

Progress in selecting the birds and improving sani- 
tary conditions has been marked, but one of the prob- 
lems of the frozen broiler industry is that of darken- 
ing of the meat near the bone of frozen young 
chickens. Results of a series of experiments conducted 
during the past ten years indicate that bone darkening 
is a problem, and that it may be prevented by pre- 
heating the product to 180° F. prior to freezing 
(Figures 1, 2, 3, 4). Six experiments were conducted 
to evaluate the influence of various methods of 
handling young chickens prior to freezing on meat 
darkening and sensory qualities. It is believed that 
some of the treatments used can be adapted to com- 
mercial production. 

Stewart, Hanson, Lowe, and Austin (7) noticed that 
the bones and proximate flesh of cooked frozen chickens 
were commonly darker than in cooked fresh chickens. 
Koonz (3) reported that the pigments of the bone 
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marrow of young chickens leached through the spongy 
bone wall during freezing and thawing, but that the 
resulting discoloration in no way affected the palata- 
bility of the meat. Koonz and Ramsbottom (4), study- 
ing the bones of beef, lamb, veal, and poultry, found 
that the bones of young animals, containing more 
hemoglobin than those of fully mature animals, were 
consistently darker after freezing and thawing. This 
was especially true of the legs of chickens. 

Woodroof and Shelor (8) found that darkening of 
the flesh of legs, thighs, backs, and the second joints of 
wings of frozen young chickens was caused by bloody 
marrow leaching through the bone during freezing, 
thawing, and cooking. It did not affect the flavor, 
aroma, or texture of the chicken and was not associated 
with bacterial spoilage. Darkening was confined to 
young chickens before the bones were calcified, and 
was not found in mature chickens. The white meat 
was unaffected. Method of bleeding or method of 
chilling before freezing had little or no effect on meat 
darkening. Blanching cut-up chicken in hot fat be- 
fore freezing prevented meat darkening, but adversely 
affected the flavor. Darkening increased consistently 
during storage at 10° F., slightiy at 0° F., and none 
at —20° F. 

Brant and Stewart (1) stated that there was no 
significant difference in the discoloration of the bones 
of birds between the ages of 7 and 14 weeks but 
darkening was reduced in those 16 to. 17 weeks old. 
They found that genetic background, time of bleed- 
ing, chilling prior to freezing, freezing rate, storage 
temperature, length of storage period, method of cook- 
ing, and the refreezing of defrosted stock made no 
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Figure 1. Skeleton of chicken showing shaded areas where 
darkening of bones and meat may occur during freezing, thaw- 
ing and cooking. 


difference in the amount of darkening. However, 
darkening was reduced by roasting for 30 minutes 
before freezing and by immediate cooking after rapid 
thawing, provided the birds were stored at —30° F. 
There was no darkening when the marrow was re- 
moved from the bones. 

Essary (2) found that a two-minute heating period 
with microwaves eliminated a large percentage of 
bone discoloration in broiler halves. A four-minute 
heating period eliminated all discoloration ; however, 
longer heating periods were undesirable because the 
meat was partially cooked. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Six separate experiments were conducted in an effort to 
determine factors associated with and methods of preventing 
meat darkening in frozen poultry. 


Experiment 1 


To determine the effects of sex, age, minerals and vitamin D 
in the diet, and of preheating before freezing 8 lots of 13 
chickens each were grown under controlled temperature, light, 
and feed with varying amounts of vitamin D, riboflavin, manga- 
nese, phosphorus, and caleium. About 100 yard-grown chickens 
were used for comparison. 

The fastest growing chickens were killed when 66 days old 
at an average weight of 2 pounds and 12 ounces; the remainder 
were killed when 73 days old, at an average weight of 2 pounds 
and 15 ounces. Methods of killing, dressing, and freezing were 
similar to those used in commercial practice. After one month 
storage at 0° F., the product was thawed, cooked, and examined 
by a seore panel; the meat was analyzed for moisture and the 
bones for ash, calcium, manganese, and phosphorus (4). Re- 


sults were evaluated statistically by applying the F-test and 
the simple correlation methods given by Snedecor (5). 


Results 


1. Preheating the pieces to an approximately half cooked 
stage before freezing prevented meat darkening near the bone, 
although the flavor was somewhat adversely affected. Methods 
of preheating—broiling, stewing, frying in deep fat at 350° F. 
—were apparently equally satisfactory. 

2. Darkening was less in yard-grown chickens, probably due 
to the 2 weeks longer required to reach broiler weight, and more 
ealeifieation of the bones. 

3. Coekerels were found to have more meat darkening than 
pullets of equal age, and darkening in chickens reaching 2°% 
pounds in 66 days was more intense than in those requiring 73 
days to reach this weight, especially among pullets. Rate of 


Figure 2. Long sections of chicken legs. (Upper) leg and 
thigh that were discolored when blood was forced out of the 
bone due to pressure developed during freezing and subsequent 
cooking. (Lower) leg and thigh that remained virtually free 
of meat darkening after being preheated to 180° F. prior to 
freezing. Heating precipitated the marrow and prevented its 
leaching through the bone and discoloring the meat. 


gain showed that pullets approached maturity faster than 
cockerels at this age; and bone ash, which was correlated with 
darkening in pullets, was higher than in cockerels. 

4. A feed low in calcium produced chickens with increased 
darkening, and a large excess of calcium in the feed resulted in 
some decrease in darkening in cockerels, although somewhat 
depressing growth. 

5. Excess amounts of vitamin D, with or without excess cal- 
cium, resulted in significant increases in darkening, the in- 
creases being greater with cockerels. 

6. Length of storage did not significantly influence the 
amount of meat darkening. Meat near the bone of chicken 
frozen, as long as 8 years, was no darker than that frozen for 
only one week. 


Experiment 2 


An experiment was conducted to determine the effect on 
meat darkening when pieces of chicken were preheated to 3 
internal temperatures by 4 methods. Legs and thighs of young 
chickens were obtained fresh from a commercial dressing plant 
and preheated (Table 1) to internal temperatures of 140°, 
160°, or 180° F., by 4 methods of heating: deep fat at 350° F., 
live steam at 210° F., radiant heat at 350° F., and microwaves. 
Internal temperatures were measured by thermometers inserted 


534 
Wy 
. 
Y 
= 
* 
: 
: 


PREVENTION OF DARKENIN( 


Figure 3. Darkening of meat was due to loss of bloody mar- 
row through the porous bone caused by pressure produced by 
freezing. Shown here is a long section of a chicken leg bone 
near the joints containing bloody marrow. 


into the bone of representative pieces of each sample. Tem- 
peratures of pieces heated in the microwave oven were measured 
immediately after removal from the oven; all other tempera- 
tures were measured during heating. 

After preheating, the legs and thighs were frozen overnight 
at —20° F., battered and breaded, packaged in polyethylene 
bags, and stored at 0° F. for one week. The pieces were par- 
tially thawed and fried in deep fat at 300° F. until tender and 
brown, which required about 20 minutes. They were then 
evaluated for meat and bone darkening by a panel of 5 judges. 
Changes ia weight of each piece were recorded after each step 
in preparation. 


Results 


1. All methods of preheating reduced meat darkening in 
frozen young chicken thighs and legs without noticeably affect- 
ing the eating qualities. 

2. Preheating with microwaves required the shortest time 
and resulted in least weight loss and highest over-all yield of 
cooked product. Order of preference for other methods was: 
steam, radiant heat, and deep fat. 

3. Preheating to 140° F. in deep fat resulted in least darken- 
ing of both meat and bone, followed by preheating with micro- 
waves and radiant heating. 

4. Preheating to 160° F. reduced meat and bone darkening, 


4 


Figure 4. X-ray photograph of two chicken legs; (Upper) 
showing intense darkening of bone and meat; (Lower) showing 
both bone and meat practically free of darkening. 


+ IN FROZEN BROILERS 


as compared to 140° F., radiant heating was slightly more 
effective, followed by microwaves, steam, and deep fat. 

5. Preheating to 180° F. was the most effective method for 
redueing bone and meat darkening; pieces heated by micro- 
waves, which were particularly effective, received the highest of 
all the ratings (Figures 5 and 6). 


Experiment 3 


Results from the previous experiment having shown that 
preheating thighs and legs of young chickens to an internal 
temperature of 180° F., was highly effective in preventing meat 
and bone darkening during freezing and subsequent cooking; 
an experiment was run in which small legs, large legs, small 
thighs, and large thighs, averaging 46, 104, 55, and 123 g., re- 
spectively, were preheated to 180° F. prior to freezing. Steam, 
radiant heat, and deep fat were used as shown in Table 2, and 
temperatures were measured by thermocouples. 

The pieces of chicken were obtained fresh from a commer- 
cial dressing plant, preheated in live steam at 210° F., with 


& 

Figure 5. X-ray photograph of four chicken legs showing 
decrease in the amount of meat darkening, from top to bottom. 
Heating chicken legs to 180° F. before freezing was found to 
be the most effective means of preventing meat darkening. 


radiant heat at 350° F., or in deep fat at 350° F., and frozen 
at —20° F., overnight. They were then battered, breaded, pack 
aged individually in polyethylene bags, and held at 0° F, for 4 
months. The pieces were partially thawed, fried in deep fat at 
300° F, until brown, and evaluated by a taste panel of 5 judges. 


Results 

1. In small legs preheated to 180° F. meat darkening was 
practically eliminated; however, there was a noticeable loss in 
flavor. Order of preference was steam, deep fat, and radiant 
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Figure 6. Legs of young chickens showing shaded areas 
where darkening of bones and meat occurred when (1) pre- 
pared, frozen, thawed, and fried in usual way; (2) preheated 
five minutes under 10 pounds steam pressure and allowed to 
thaw completely before ‘rying; (3) same as above except fried 
directly from the frozen state; (4) preheated three minutes 
with microwaves, frozen and fried directly from the frozen 
state. 


heat. Total yield of the preheated product was about 20% less 
than that of pieces frozen without preheating. 

2. With large legs, meat darkening was also practically 
eliminated, and no loss of flavor oceurred when preheated by 
steam or deep fat. Radiant heat resulted in some loss of flavor. 

3. Heating with either steam or radiant heat practically 
eliminated meat darkening in small and large thighs but re- 


TABLE 1 


The effects of preheating chicken thighs and legs to 140°, 160°, 
and 180° F. on meat and bone darkening and weight losses 


Freedom from 


Preheating Weight 


Heating | Cooked 
Method | | product | 


rating rating 
5.8 | 38 
Internal temperature 
140° F 
Deep fat........ 
Radiant hea 
Microwaves 
Internal temperature 
160° F, 


Steam vapor. sol 
Radiant heat. 26.0 
Microwaves 2.0 
Internal temperature 
180° F. 
Deep fat 4.5 21.3 =| 4.8 
Steam vapor. | 26.0 2. 5. | 5.8 
Radiant heat. -| 36.0 25. | t | 6.0 


sulted in a loss of flavor. Deep fat was less effective for pre- 
venting meat darkening. 

4. Although preheating was highly effective in preventing 
meat darkening in young chicken thighs and legs of all sizes, 
there was much better flavor retention in the larger pieces. 


Experiment 4 


A fourth experiment was conducted in which thighs from 
young chiekens were preheated in deep fat at 350° F., with 
steam at 10 pounds pressure, by radiant heat at 350° F., or 
with microwaves, using several kinds of containers, as shown in 
Table 3. Freezing, packaging, and storing of the samples were 
the same as for Experiments 2 and 3. The chicken was fried 
directly from the frozen state. Tenderness, flavor, and freedom 
from darkening were evaluated by a seore panel. 

The weight of the chicken thighs preheated by microwaves 
ranged from 98 to 109 g. and, because of the small variation in 
weight, no adjustment was made in the preheating time. 


TABLE 2 


The eftect of preheating small and large chicken legs and thighs 
to 180° F. by three methods on heating loss, yield of cooked 


| | Freedom | 
Preheating Weight from | 
| Heating| Cooked | darken- 
Method product ing? 


rating | rating 
Small legs 
None 3.0 
Steam vapor of 8.0 
Radiant heat . 26. 7.0 
Deep fat . 51. a ; 9.0 
Large legs 
None 90.2 3.0 
Radiant heat 
Deep fat 
Small thighs 
None 
Steam vapor 
Radiant heat 
Deep fat 
Large thighs 
None } 
Steam vapor . 23. a 


Radiant heat 
Deep fat 


* Ratings from 10 (no darkening) to 1 (severe darkening). 
® Ratings from 10 (excellent) to 1 (extremely poor). 
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Beta Carotene Roche is carotene in the most highly purified form available commercially. 
It is free of other carotenoids, whose variable color values and lower vitamin A potencies r 
often cause trouble in food processing. Standardize on Beta Carotene Roche for true 
carotene yellow color without any tinge of green or red. 

You'll have a better product to make your product better. 


NOW 5 CONVENIENT FORMS 


@ DRY BETA CAROTENE BEADLETS. Type 2.4—S 


Water-dispersible, free-flowing beadlets to dings, dessert toppings, mellorine, confec- 
standardize color of water-base foods. tions, egg yolk products, baked goods, 
Rapidly dispersible with good stability, cheese, creamed foods, etc., with true 


Roche Dry Beta Carotene Beadlets contri- 
bute a clouded effect similar to that pro- 
duced by fruit insolubles. Excellent for 
coloring fruit drinks, gelatin desserts, pud- 


natural yellow color. Each gram provides 
approximately 40,000 U.S.P. units of vita- 
min A as beta carotene. 


@ 30% BETA CAROTENE IN VEGETABLE OIL 


Liquid suspension. 500,000 U.S.P. units of 
vitamin A activity per gram. Excellent for 
natural yellow coloring of foods with high 
fat content: margarine, shortening, lard, 
baked goods, cake mixes, processed cheese, 
egg yolk products, candies, soups, stews, 


frozen dinners, toppings, frostings. Easily 
handled: liquid at room temperature. Ex- 
cellent color stability. High purity insures 
uniformity. Ask for free Roche technical 
help with all food-coloring problems. 


@ 24% BETA CAROTENE: SEMI-SOLID SUSPENSION 


Contains 400,000 U.S.P. units of vitamin A 
activity per gram in vegetable oil. Semi- 
solid suspension facilitates exact weighing 
for batch control. Used for same foods 


mentioned above, Roche Beta Carotene im- 
parts to foods a true, natural yellow color 
without “off” shades. Vitamin A value in- 
herently present adds a nutritional bonus. 


@ BETA CAROTENE AND VITAMIN A BLENDS 


Roche will custom blend its Beta Carotene 
and vitamin A (acetate or palmitate) in 
vegetable oil exactly to your specifications 
and package in sealed, sanitary batch-sized 


cans carrying labels of your formula. This 
is another example of the extra service 
margarine manufacturers and processors of 
other foods can always expect from Roche. 


@ BETA CAROTENE BLENDS IN VEGETABLE OIL 


Blends of Beta Carotene Roche and vege- 
table oil are available to your specific re- 
quirements to a minimum dilution of 6% 
beta carotene. Your orders are packaged in 
batch-size, sealed sanitary cans especially 


labeled for you. Useful for processing baked 
goods, cake mixes, shortening and fard, 
cheese, toppings and frostings, candies, 
soups and stews, frozen dinners. Your foods 
receive vitamin A value at no extra cost. 


VITAMINS COME RIGHT FROM ROCHE 


VITAMIN DIVISION «© MOFPMANN-LA ROCHE INC. «© NUTLEY 10, NEW JERSEY 
NOrth 7-5000 © in New York: OXford 5-1400 
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Results 


1. Preheating with microwaves for three minutes practically 
eliminated darkening and resulted in a moist, tender, and 
flavorsome product. Weight loss from preheating was 18.6%, 
and total yield of cooked product was 74.7% of the fresh 
weight. 

2. Chicken thighs preheated by microwaves in a covered 
dish, with or without added water, or in mylar bags also had 
very little darkening; however, the flavor was rated as 
‘*warmed-over’’ or stale. The chicken in a covered dish with 
added water had a higher weight loss, 24.0%, than the un- 
eovered chicken. 

3. Cieken steamed in a pressure saucepan at 10 pounds pres- 
sure for 5 minutes showed no darkening and received a good 
flavor rating. Weight loss was 16.5%. 


TABLE 3 


The effect of preheating chicken thighs to 180° F. by four 
methods on heating loss, yield of cooked product, 
freedom from meat darkening, and flavor 


Preheating Weight F — 
— meat Flavor? 
| Heating Cooked da ‘ken- 
Method Time loss product ing? 
| min. % % rating rating 
None | oe tt 77.3 | 5.0 9.0 
Deep fat | 5 28.9 67.8 7.0 5.0 
10 40.9 60.4 8.0 8.0 
Steam pressure | 5 16.5 68.9 10.0 9.0 
10 24.3 63.8 10.0 7.5 
Radiant heat not | 
wrapped | 15 8.1 83.5 | 6.0 | 90 
| 30 20.8 75.3 | 10.0 6.0 
wrapped in foil 15 || 7.3 82.5 } 5.0 | 5.5 
| 30 24.9 68.5 10.0 | 65.0 
| | 
Microwaves 
not covered | 2 7.2 85.1 | 7.5 9.0 
| 3 18.6 74.7 | 9.0 8.0 
in covered dish, 
no water 3 20.6 72.1 9.0 | 7 
% inch water) 3 24.0 69.9 | 100 | 7.0 
in mylar bags | 3 20.0 77.0 | 90 | 6 


1 Ratings from 10 (no darkening) to 1 (severe darkening). 
2 Ratings from 10 (excellent) to 1 (extremely poor). 


4. Thighs preheated by radiant heat for 30 minutes, un- 
covered or foil-wrapped, had no darkening; however, the flavor 
was termed warmed-over, boiled, and bitter. Heating losses 
were 20.8 and 24.9%, respectively. 

5. Deep fat as a preheating method resulted in lessened 
darkening, a very high weight loss, and a low flavor rating. 

6. Flavor losses and weight losses were proportional to the 
length of time of preheating, irrespective of the method of 
heating. 


Experiment 5 


An experiment was conducted to determine the effects of 
very rapid freezing on meat darkening and other qualities of 
fresh young chickens. Chicken legs and thighs were obtained 
from a commercial dressing plant and frozen by 5 methods as 
shown in Table 4. The pieces were packaged individually and 
held at 0° F., for 5 days. They were then fried, without pre- 
vious thawing, in deep fat at 300° and evaluated for meat 
darkening and tenderness by a panel of 5 judges. 


Results 


1. Of the 5 rates of freezing used, the most rapid was with 
liquid COs, which reduced meat darkening, reduced juiciness, 
and eaused decided separation of the muscles. The meat had a 
pleasing color, but was slightly dry and stringy, and the sepa- 
rate muscles could be easily pulled apart. There was no signifi- 
cant change in the moisture content due to method of freezing. 


PREVENTION OF DARKENING IN FROZEN BROILERS 


TABLE 4 


Effect of rate of freezing fresh young chicken thighs 
on meat darkening and other qualities 


Condition of chicken 


Freezing 
Raw Cooked 
Freedom 
Texture Muscle 
Method juici- separa- 
rating rating rating 
None (fresh) |... 75.5 10 10 juicy 10 none 
Frozen in air 0 73.3 1 9 juicy 9 slight 
Frozen in air —20 75.6 2 8 slightly dry| 8 slight 
Frozen on 
plates —20 73.2 2 8 slightly dry| 8 slight 
Very rapid 
freezing 
solid COz | —170 73.7 3 8 dry 3 decided 
Very rapid 
freezing | 
liquid COz | —170 74.6 4 3 dry, tough |2 decided 


1 Ratings from 10 (no darkening) to 1 (severe darkening). 
2 Ratings from 10 (excellent) to 1 (extremely poor). 


2. Chicken frozen with solid CO, reached the same tempera- 
ture as with liquid COs, but the rate of freezing was slower. 
This method of freezing reduced meat darkening and produced 
slightly less ‘‘dryness’’ and muscle separation. 

3. Freezing at —20° F. reduced meat darkening slightly and 
caused slight muscle separation whether the chicken was frozen 
quickly on metal plates or slightly slower in still air. 

4. The chicken frozen slowly at 0° F. was very dark, juicy, 
and of uniform texture. This was comparable to fried unfrozen 
chicken except for the meat darkening. 


Experiment 6 


An experiment was conducted to determine the amount of 
darkening in broiler legs and thighs after 2 years in freezing 
storage. They were treated by microwaves cr radiant heat and 
wrapped individually in aluminum foil before freezing; half of 
the samples were cooked directly from the frozen state, and 
half after thawing for 24 hours in a refrigerator at 40° F., as 
shown in Table 5. After frying in deep fat at 300° F., samples 
were rated on freedom from darkening of meat and bone, flavor 
and moistness of the meat. 


Results 

1. Meat and bone darkening was effectively controlled by 
preheating legs and thighs with microwaves for 14% minutes, or 
with radiant heat at 350° F., for 12 minutes. There was no 
loss in flavor with either of these treatments. 

2. There was no apparent increase in meat and bone darken- 
ing due to freezing storage for 2 years. 

3. There was a marked increase in rancidity, staleness and 
‘‘dryness’’ of the meat when preheated with microwaves for 
more than 3 minutes or with radiant heat for more than 25 
minutes, 

4. There was an increase in darkening of meat and bones 
when the chicken was thawed for 24 hours in a refrigerator at 
40° F., before frying, as compared with that cooked directly 
from the frozen state. 


SUMMARY 


Darkening of poultry meat by seepage of marrow 
through the leg and thigh bones of young chickens due 
to freezing, thawing, and cooking is a major problem. 
A series of experiments showed that heating chicken 
legs and thighs to an internal temperature of 180° F., 
before freezing effectively controlled meat darkening. 
This was due to heat coagulation of the marrow prior 
to freezing. 

The methods of preheating, rated in order of prefer- 
ence based on control of darkening, low weight loss, 
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TABLE 5 


Amount of darkening in broiler legs and thighs, heated by microwaves or radiant heat before freezing, held for two 
ge, and cooked from the frozen state or after thawing 


Preheating Freedom from darkening? 


- Flavor? Moistness? 
Meat | Bone 


rating rating rating rating 
4 7 stale 8 moist 

8 3 6.5 off 8 moist 
Microwaves 7 white 7.5 stale 8 moist 
7 white 7 slightly stale | 8 moist 
8.5 white 6.5 slightly stale 7.5 slightly dry 
8.5 white 6 slightly stale 7.5 slightly dry 
9 white 6.5 slightly stale 7.5 slightly dry 
9 white 6 slightly stale 7.5 slightly dry 
9 white 5 rancid 6 dry 
9 white 4 rancid 6 dry 
7 grayed 4 rancid 4 dry 
6 grayed 3 rancid 4dry 
6 grayed 2 fishy and rancid 3 very dry 
6 grayed 2 fishy and rancid 3 very dry 
5 yellowed 2 burned and rancid 2 very dry 
5 yellowed 2 burned and rancid 2 very dry 
Radiant heat 6 yellowed 7 slightly stale 8 moist 
6 yellowed 7 slightly stale 8 moist 
7.5 white 7 slightly stale 8 moist 
5 slightly grayed 7 slightly stale 8 moist 
7.5 white 7.5 slightly stale 8 moist 
7 white 7 slightly stale 8 moist 
7 white 6 stale 8 moist 
7 white 5 stale 8 moist 
9 white 5 rancid 6 slightly dry 
7 grayed 4 rancid 6 slightly dry 
3 white 5.5 rancid 5 dry 
7 white 5 rancid 5 dry 
8 white 5 rancid 3 very dry 
4 rancid 3 very dry 


* Ratings from 10 (excellent) to 1 (extremely poor). 


rapidity of treatment, and flavor retention, were: (a) heated for a longer time by microwaves or more than 
electronic oven using microwaves for 2-3 minutes, 17 minutes by radiant heat was ‘‘dry,’’ and rancid. 
(b) 10 pounds steam pressure for 5-10 minutes, (c) 
live steam at 210° F. for 15-20 minutes, (d) oven with LITERATURE CITED 
radiant heat at 350° F. for 25-30 minutes, and (e) 
deep fat at 350° F. for 5-10 minutes. A range in time frozen poultry. Food Technol,, 4, 168-174 (1950). 
of treatments was required for variations in size of , Resany, B. O, In@eence of microwave heat on bene dic- 
pieces of chicken. Prolonging heating, after a tem- coloration. Proceedings, Association of Southern Agri- 
perature of 180° F. was reached, increased moisture cultural Workers, 55th Annual Convention, Little Rock, 
and flavor losses. Chicken preheated in foil, mylar Arkansas, Feb, 3-5, 1958 (Poultry Section, page 240) ; 
bags, or in a covered dish had a ‘‘ warmed-over’’ flavor 
3. Koonz, C. H. Poultry and eggs. Refrig. Eng. Data Book. 
The rate of freezing somewhat influenced darkening p. 59. 1946, 
and texture of the meat. Chicken frozen slowly at . Koonz, C. H., anp Ramssorrom, J. M. Influence of freezing 
0° F. had the darkest meat, but was moist and uniform on color of bones and adjacent tissues. Food Research, 
in texture. That frozen very rapidly with liquid CO, 12, 393-399 (1947). 
at —170° F. was slightly less dark, but was ‘‘dry,’’ . Official and Tentative Methods of Analysis. Assoc. Offic. 


, < Agr. Chemists. 6th ed. 1945. Washington 4, D. C. 
stringy, and the muscles were easily separated. The . SNepEcoR, G. W. Statistical Methods. 1937. Collegiate 


quality of chicken frozen at —20° F. was intermediate Press, Ine. Ames, Iowa. 

between these two extremes. Chicken cooked directly . Srewart, G. F., Hanson, H. L., Lowz, B., anp Austin, J. J. 
from the frozen ».ate was less dark than that cooked Effect of aging, freezing rate, and storage period on 
after thawing. of broilers. Food Research, 10, 16-27 
: Chicken preheated by microwaves (4-5 pieces at a . Wooproor, J. G., AND SHELOR, ETHYL. Prevention of bone 
time) for 2 minutes or less and held in frozen storage darkening in frozen-packed chickens. Food Inds., 20, 
for two years was stale, but still juicy, while that 48-52 (1948). 


. Brant, A. W., AND Stewart, G. F. Bone darkening in 
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Notes and Letters 


Effect of Illumination on Color of Frozen Peas 


Packaged in a Transparent Film 


PROCESSORS have recently 
started using polyethylene bags as packages for frozen 
vegetables and others are considering their use. Ob- 
vious advantages are lowered packaging cost and 
greater eye appeal. Several processors expressed in- 
interest in knowing whether less obvious disadvan- 
tages might develop. For example, what effect does 
exposure to light in retail storage cabinets have on 
color? Results of a simple experiment on peas provide 
a partial answer. 


Preparation of samples. Commercially frozen Dark-skin Per 
fection peas in cases of 24 10-o0z. retail packages were obtained 
from a distributor, The entire quantity was screened to break 
clusters and was mixed to obtain better sample uniformity. 
Samples consisted of 5-oz. portions placed in 5 x 34% x 12-in. 
bags of 1.5 mil polyethylene, which were closed by twisting, 
folding, and fastening with a rubber band. All of these opera- 
tions were earried out in a cold room at 0° F. 

Exposure to light. Test packages were exposed to the light of 
two 20-watt fluorescent tubes (General Electric, Standard Cool 
White) in a single reflector placed 21 in. above the peas. Eight 
bags were placed in 2 rows of 4, centrally under the fixture. 
Similar exposures were made at 2 temperatures, 0° and 20° F. 
The light fixtures were operated in surroundings at the tem- 
peratures specified. Enough looseness was allowed in packaging 
the peas so that the bag could be flattened to expose a surface 
about 5 in. square. This meant that the peas were only 2 or 3 
layers deep; thus a reasonably large percentage of the peas 
received illumination. 

Positions of bags were systematically changed each day to 
reduce chances of uneven illumination. Also at this time, the 
contents were mixed by shaking and squeezing and the bags 
turned over. 

An equal number of control samples, identically packaged, 
were placed in the same relative positions as the illuminated 
samples and at both test temperatures, but they were contained 
in corrugated cases to prevent exposure to light. These samples 
were handled daily just like the other samples so that differ- 
ences would be due only to light. 

Pairs of samples at each temperature and under each light 
condition were removed at weekly intervals over a 4-week 
period. These were held at —20° F. in the dark until they could 
be analyzed. One sample of each pair was used for measure- 
ments in the Gardner Automatic Color Difference Meter and 
the second used for chlorophyll determination. After color 
measurement, certain samples from the first group were tasted 
by a small panel. 

Temperature changes. It was realized that the surfaces of the 
peas receiving illumination would be warmed to some extent. 
To devise means and carry out the measurement of this tem- 
perature rise was beyond the seope of the experiment under- 
taken but an estimate of its magnitude was made in a relatively 
simple fashion. A blackened copper block in whieh a thermo- 
couple was embedded was placed in the situation which had 
been used for 20° F. storage and the temperature of the block 
recorded on a chart. Temperatures were recorded during suc- 
cessive periods of illumination and darkness. The time periods 
were of sufficient duration to include many cycles of the tem- 
perature caused by the on-off cycle of the refrigeration. An 


average temperature was determined for each light condition 
and the temperature was found to be less than 1° F, higher 
under illumination than in darkness. Because the black body 
is a more efficient absorber of radiant energy than green peas, 
the temperature difference of peas under illumination should 
be even less. 

From previous experience with frozen peas the magnitude 
of the changes in color and flavor encountered could not have 
been produced by the small difference iv temperature indicated. 
Therefore it is believed the changes involved are brought about 
by factors other than temperature. However, the reactions, 
whatever their nature, are temperature sensitive as indicated by 
the differences in response at 0° and 20° F, 

Color changes. The Gardner Meter was set for reflectance 
measurements and standardized against a ‘‘ Bath Green’’ tile, 
SBC-12. The peas were thawed béfore use and the samples 
divided approximately in half. A small amount of distilled 
water was placed in the cell (2% inches diameter x 1 inch 
deep), and the peas from one half-package were placed in as 
close-packed orientation over the optical bottom as possible 
without breakage of the peas. Measurements of L, az, and br 
were made on each half-package; the cell was emptied and 
refilled with the same peas between readings. The same pro- 
cedure was followed for the other half-package. Values for 
Gardner hue, ar/br, are reported (Table 1) because they had 
been found to be correlated reasonably well with subjective 
color evaluations of frozen peas during storage. 

From Table 1 it is clear that no change in color was indi- 
eated at either storage temperature up to 4 weeks in samples 
stored in the dark. A definite color change as early as one week 
at 20° F. was indicated when the illuminated samples were com- 
pared with the dark controls, and the change continued 
throughout the 4-week period. While there was a slight de- 
crease in Gardner hue over the 4-week period for samples under 
illumination at 0° F. compared to the dark controls, the change 
was too small to be convincing. However, observers had no 
difficulty in distinguishing the illuminated 3- and 4-week sam- 
ples at 0° F, from their controls on the basis of visible color 
change. The same was true at 4 days’ storage and beyond for 
samples stored at 20° F, 

Therefore, Gardner hue did not indicate well the color 
changes that were readily observable. (No other reading on 
the Gardner Automatic Color Difference Meter was any better.) 
The reason is that the color changes were spotty, resulting in a 
mottled appearance of the peas. Meter readings lead only to 
average values of appearance and are, therefore, much less 
sensitive in distinguishing differences. Figure 1 shows to a 
degree the changes observable in samples stored under illumi- 
nation at 0° and 20° F. The advantage of use of lower storage 
temperatures to avoid unfavorable color changes in frozen peas 
under illumination is quite apparent. 

Flavor changes. An informal taste panel compared dark versus 


TABLE 1 
Gardner hue, a:/b:, for frozen peas stored in polyethylene bags 
Storage, At 0° F At 20° F. 

weeks 

Dark Illuminated Dark | Illuminated 

cov 0.95 0.96 0.97 <4 
O97 | 0.94 0.92 | 0.64 
0.93 | 0.91 0.93 | 0.51 
0.95 | 0.90 0.94 | 0.45 
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Figure 1. Effect of storage temperature upon appearance of 
frozen peas packaged in polyethylene and stored under illumi- 
nation. 


illuminated samples for two storage conditions, 20° F. for 1 
week and 0° F. for 4 weeks. Samples were presented in cooked 
and unseasoned form under low intensity green light to avoid 
prejudging on the basis of color. Nine of 10 tasters found the 
illuminated sample stored 1 week at 20° F. to be unacceptable. 
‘*Oily’’ was the term most commonly applied to deseribe the 
flavor but there was far from complete agreement on a descrip- 
tive term. No preference was established for either sample 
stored 4 weeks at 0° F. 

Chlorophyll changes. Chlorophyll analyses * were performed on 
the second sample of each pair by a method previously de- 
seribed (Dietrich, W. C., Food Technol., 12, 428, 1958). The 
results are expressed as percentage conversion to pheophytin 
(Table 2). There was no clear-cut difference between illumi- 
nated samples and dark controls during storage at 0° F. over 
4 weeks, whereas samples stored under illumination at 20° F. 
showed more conversion than their dark controls. The differ- 
ence was substantial at one week and inereased over the period 
of sampling. 

The degree of conversion was much less than would have 
been expected from the appearance of the peas. This observa- 
tion was readily understood when the seed coat was removed 
from the cotyledons. The color change was confined to the seed 
coat, while the cotyledons retained their brilliant green color. 
Had seed coats alone been analyzed, the degree of conversion 
would have been much higher for samples stored at 20° F. 
under illumination. 

Frost formation. Frost formation within the bag was very 
much more pronounced in illuminated samples than in those 

*The author wishes to thank W. C. Dietrich for supervision 
of these analyses. 


TABLE 2 
Per cent conversion of chlorophyll to pheophytin in frozen 


| Dark Illuminated Dark Illuminated 
9.7 10.2 15.1 
12.5 10.4 18.1 
10.8 12.4 19.4 
11.4 32 | 21.9 


stored in darkness. Even before one week had elapsed, the 
difference was clear at both storage temperatures. Frost for- 
mation is probably not related to the color changes observed, 
and measurements of relative amounts formed under the vari 
ous circumstances were not made. Formation of frost in illumi- 
nated samples is understandable when one considers the trans- 
parency of the film and the ability of the peas to absorb some 
of the radiant energy. The temperature difference which must 
arise under these circumstances would be expected to result in 
sublimation of water from illuminated pea surfaces (at higher 
temperature) and condensation on the colder surfaces of un- 
illuminated peas and bags. 


DISCUSSION AND CONCLUSIONS 


This experimental evidence does not indicate that 
transparent packages should be avoided for frozen 
peas. However, it does indicate the need for great 
eare in storing peas packaged in transparent films. 
The place where light exposure would be expected is 
the retail cabinet. The light intensity used in these 
experiments was selected as being somewhat greater 
than might be encountered in an average store. 

The great advantage of strict adherence to 0° F. or 
lower was well demonstrated. Color change occurred 
approximately 5 to 10 times faster at 20° than at 
0° F. Observable changes in color of the transparent 
packs occurred in 4 days at 20° F. and in 3 weeks at 
0° F. and a pronounced flavor change, making the 
peas unacceptable, was found after 1 week at 20° F. 
Rapid turn-over is expected in a retail storage cabi- 
net, where exposure to light will be encountered, and if 
it is sufficiently rapid no problem would be expected. 

Peas exposed experimentally were mixed daily. 
One would expect that if they had remained undis- 
turbed, color changes would have been observed in 
shorter periods. Color changes were confined mostly 
to the seed coat. Thus, only the surfaces receiving 
illumination would be involved, but the resulting mot- 
tled appearance would be as unattractive as a uni- 
formly discolored product. 


Alteration of chlorophyll was involved in the color 
changes. Whether conversion to pheophytin is the 
only, or even the principal, alteration was not de- 
termined. Measurements were made of the percentage 
conversion to pheophytin because it is a convenient 
and established procedure. 

Frost formation is more rapid in packages sub- 
jected to illumination than in those stored in the dark. 
Effect of this factor on acceptability is not known. 

ALLAN D. SHEPHERD 
Western Utilization Research and 
Development Division 
Agricultural Research Service 
U. 8S. Department of Agriculture 
Albany 10, California 
April 14, 1959. 
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Represented at the Symposium were FDA officials including Commissioner Larrick, university, industry, association, government 
and Armed Forces representatives. 


Food Additives Amendments Analyzed 


A one-week symposium on Food Protection Factors 


in Modern Food Technology was held at M.I.T. dur- tte aoa re 7 
ing the week of June 22, 1959, under the auspices of 


the Department of Food Technology, M.I.T. 


Key personnel from the Food and Drug Adminis- 
tration, the Meat Inspection Division of the Depart- 
ment of Agriculture, from various industrial organi- 
zations, together with members of the M.L.T. Depart- 
ment of Food Technology analyzed the 1958 Food 
Additive amendment in relation to: administration, 
legal principles and rule-making, the mechanics of 
toxicology and testing, radiological contamination of 
the food supply, and radiation preservation. Repre- 
sentatives from several food industries discussed the 
amendment in relation to their own activities. 

The significant amount of give-and-take between 
participants and listeners resulted in a profitable and 
enjoyable experience. Speakers included : 

Dr. B. E. Proctor Mr. Paul M. Jacobs 
Mr. Ray B. Wakefield Dr. Richard L. Hall 

. John F. Mahoney Mr. Arthur T. Schramm TYPICAL USES 

. H. R. Hinton . HL L. Janovsky Powdered Desserts * Dehydrated Soups 

. Ira I. Somers . 8. A. Goldblith * Dry Cake Mixes * Bouillon Powders 

. Berton 8. Clark . C. H. Pals 

. Philip K. Bates . Daniel DeCamp 


POW DERED 


CARAMEL 
COLOR 


Twitchell’s Caramel Color imparts a rich color 
to food products . . . ranging from a light 
tan to dark brown. Leading food processors 
use this natural color. It is made entirely from 
dextrose, under controlled conditions. 


+ Powdered Coffee and other beverages 
+ Powdered Gravy Seasonings 


Write 


. James G Terrill, Jr. 
. Je’ a H. Rust 

. L.eward C. Spencer 
. William B. Bradley 
. Charles N. Frey 

. Edwin L. Morin 

. John T. R. Nickerson 


. J. L. Harvey 

. W. W. Goodrich 

. Edwin P. Laug 
Mr. Lessel L. Ramsey 
Dr. Arnold J. Lehman 
Mr. Arthur A. Cheechi 
Mr. George Larrick 


for 
Sample! 
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CORN SYRUP 


AND 


CORN STARCH 


PRMICK & FORD, LYD. 


FSO THIRD AVENUE, NEW YORK 17, MARIETTA BLVD., ATLANTA, GA.; 
CEDAR RAPIDS, (OWA; 18 CALIFORMA SAN FRANCISCO 11, CALIF. 
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REGIONAL NEWS 
MEXICO 


On Thursday, the 9th of July, at 8 p.M., a most 
enjoyable supper at ‘‘La Flor de Lis’’ located at 
Huichapan No. 21, was given in honor of our col- 
league, Tech. Chem. Rafael Illescas Frisbie, who has 
been named General Director of Foods and Beverages 
of the Secretariat of Health and Assistance. 

The Mexico Section is most pleased by the distine- 
tion that has been conferred on Sefior Frisbie. 


—Emma Guillermina Balboa M. 


WISCONSIN 


The Spring activities of the Wisconsin Section be- 
gan with a meeting on March 20, 1959 at Milwaukee. 
Sixty members and guests enjoyed a tour of the Chain 
Belt Company with special emphasis on the dehy- 
drating equipment manufactured by the firm. Fol- 
lowing dinner, Mr. Gerald Bard of Chain Belt pre- 
sented an excellent discussion of ‘‘Modern Methods 
of Dehydration as Applied to the Food Industry.’’ 

On April 24th, the section met at the Abbott 
Laboratories, North Chicago, Illinois. Ninety mem- 
bers and guests, including a number from the Chicago 
section, toured the Abbott research and development 


facilities. After an excellent dinner at the Abbott 
cafeteria, Dr. W. E. Grundy of the Abbott staff spoke 
on a very timely and interesting subject, ‘‘ Anti- 
bioties in Foods.’’ 

The Spring meetings of the Section were eculmi- 
nated with Career Day on May 29. Twenty-three high 
school seniors representing 15 different cities through- 
out Wisconsin were guests at the affair. Speakers at 
the afternoon session, which was devoted to acquaint- 
ing the guests with the career potential of the food 
industry, ineluded 


V. E. Kivlin—Assoc. Dean of the College of Agri- 
culture 

M. A. Schaars—Professor of Agri. Economies 

A. C. Rice—Assoc. Professor of Dairy and Food 
Industries 

K. G. Weckel—Professor of Dairy and Food 
Industries 

E. M. Foster—Professor of Bacteriology 

W. H. Gabelman—Assoc. Professor of Horticulture 

D. J. Hagedorn—Professor of Agronomy and Plant 
Pathology 

J. W. Apply—Professor of Entomology 

K. C. Berger—Professor of Soils 

R. W. Bray—Professor of Animal Husbandry 


M. L. Sunde—Professor of Poultry Husbandry 


FOR TECHNICAL HELP... 


% In addition to supplying you with high quality choco- 
late flavorings and coatings, your Man From Blumen- 
thal will gladly: 


1. Discuss prices and prevailing market conditions. 


2. Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate. 

3. Refer your problems to one of our consultants spe- 
cializing in technical problems. 

4. Conduct research on new ideas suggested by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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latest, revised cdition of this authoritative handbook, 
which helps you to produce better pickles, salad dress- 
ings, condiments, sauces and related food products with 
greater economy. 


MAGNUS, MABEE & REYNARD, INC. 


Simee 1495... The World's Most Famous Supplier of 
Essential Oils, Concentrated Flavors, and Basic Perfume Oils 
16 DESBROSSES STREET, NEW YORK 13, N. Y. 


Magnus, Mabee & Reynard, Inc. 
16 Desbrosses Street 
New York 13, N. Y. 


Please send me a free copy of the revised edition of “Pickle 
Flavor Facts by MM&R.” 


Interspersed with the speakers were tours of the 
Food Technology teaching and research facilities at 
Babeock Hall and the new bacteriology building. Ray 
Wakefield, Gerber Foods Company and President 
of the IFT gave the closing address of the after- 
noon session, ‘* Horizons in the Food Industry.”’ 

Following dinner, the section heard an excellent 
discussion of ‘‘ Breakfast Cereals, their role in human 
nutrition and problems in their production’’ by Paul 
Salo of General Mills. A very interesting and enjoy- 
able experience was had by everyone attending the 
first of what we hope to be a continuing series of an- 
nual ‘‘Career Day’’ sessions. 


MARYLAND 


The Section held its monthly meeting at the Staf- 
ford Hotel in Baltimore on Friday, June 19, 19°9. 
Free beer and door prizes were graciously furnished 
with the compliments of Continental Can Company. 
Miss Barbara Hall, Home Economist for Continental 
Can Company Metal Research and Development, gave 
an illustrated lecture on ‘‘Some Applications of A 
New Flavor Testing Technique.’’ Miss Hall’s talk 
was very informative and an interesting question and 
answer period followed. About 35 members and guests 
were present. 


CHICAGO 


The 1959 Chicago Section membership Directory, 
in which is included the Section By-Laws, is off the 
press and in the hands of the members. For preparing 
the copy and for the attractive cover, special thanks 
go to Mrs. Anna May Schenck. The Directory Com- 
mittee was headed by B. J. MeKerman (Armour) 
with Margaret Ives (American Can Company), R. D. 
Trelease (Swift), R. B. Davis (Continental Can Com- 
pany), and Anna May (Continental Can Company ) 
as members. Consulting the section listing the com- 
panies and institutions with IFT members on their 
staffs, one finds that some 280 organizations of the 
Chicago and surrounding area are represented in the 
Directory. Seven of these organizations are repre- 
sented by 20 to 40 IFT members each. The Section 
has well over 600 members as of this date (August, 
1959). 


Mr. Warren E. Jones, Consultant and Partner, 
Management Controls, Inc., spoke on statistical qual- 
ity control applications in the food industry at the 
May Meeting of the Chicago Section. 

Statistical quality control was reported to be the 
sharpest new tool in half a century. Many food manu- 
facturers are looking to statistical quality control to 
solve many of their problems. Mr. Jones stated it 
could only be a solution to part of the problems, and 
then only if wisely used and correctly interpreted. 

One of the simplest setups, he said, was one in 
which you select a series of possible defects and desig- 
nate them as either major or minor and then set per- 
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Product Research Laboratory 
or Sales Development Center? 


Because Durkee Research can mean 


plus sales for your products 


Durkee’s staff of Research Chemists and Industry 
Technologists continually search for new methods and 
better materials in the field of edible oils and fats. 
Durkee has an outstanding record as a producer 
and developer of superior edible oils, shortenings, pastry 
products and hard fats for the baking, food 
processing and candy industries. 

Why don’t you use our Chicago Research and Service 
Center to help solve your special ingredient problems? 


We'll be happy to serve you! 


CHICAGO, ILL. + BERKELEY, CALIF. + LOUISVILLE, KY. 


CLEVELAND, OHIO + NEW YORK, N.Y. 
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SPACE AGE 
FLAVORS... 


Country 
Kitchen 


Taste! 


This is the day of jet-flight and dehydrated 
potatoes; atomic energy and frozen bread; 
super-sonic speed and ‘‘quicker-than-in- 
stant” mixes for everything from soups to 
desserts. This is the threshold of the space 
age and the era of convenience foods. 
Flavors for these modern foods must be as 
dynamic as the technology of their formu- 
lation . . . as carefully designed as the 
science that developed them. Yet, these 
space-age foods must still retain that home 
cooked taste. Only a company that keeps 
thoroughly abreast of the newest develop- 
ments in food can give you this kind of 
“built for the product’’ flavor. Fries & Fries 
provides you with space-age flavors with 
that country kitchen taste! Let our labora- 
tories show you what dynamic flavor re- 
search means. 


FRIES & FRIES 


inc 
CINCINNAT! 
VS A 


Cincinnati 110 E. 70th St. New York 418 €E. 91st St. 
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centage standards of each which you were willing to 
tolerate in the finished product. Mr. Jones undertook 
an explanation of some elementary inspection pro- 
cedures and inspection philosophies such as the intro- 
duction of tightened inspection at the start of any 
process, followed by reduced inspection as a second 
step after the process performs satisfactorily for a 
period of time. The requirements for good quality 
control were given as: 1) high volume; 2) automatic 
process and 3) high dollar value. 

Mr. Jones described the ideal relationship between 
setting up quality control standards and product de- 
velopment, from research through production. He 
felt quality control measures could be introduced after 
approximately 20 batches or 2 or 3 weeks of produc- 
tion. Research could then withdraw after 20, 30 or 
40-trouble-free batches had been produced. He care- 
fully emphasized the word ‘trouble-free’ might mean 
several hundred batches of production before research 
could withdraw and leave the field entirely to quality 
control. 

Mr. Jones also discussed some economical factors in- 
volved in quality control, such as the cost to introduce 
a system and the cost to maintain an effective system, 
but specific evaluations are dependent on the exact 
nature of the operation. 


Saturday, September 26, at the University of Wis- 
consin—those are the bare facts on the first meeting of 
the fall season. But as guests of the Wisconsin Sec- 
tion there is a tour of the Department of Dairy and 
Food Industries, a luncheon, and the Wisconsin- 
Stanford football game. 


Literature 


LITERATURE ON 
FOOD RESEARCH 
AND TECHNOLOGY" 


Commodities 


Encyclopedia of candy and ice-cream making. Simon I. Leon. 
New York, Chemical Publishing Co., 1959. 454 p. $12.00. 
A true encyclopedia arranged in alphabetical order covering 
all phases of the industry with a great many formulas. 


Manufacture and analysis of carbonated beverages. Morris B. 
Jacobs. New York, Chemical Publishing Co., 1959. 333 p. 
$11.00. Covers raw materials, manufacturing processes, and 
control of the finished product. 


National grain policies. Rome, Food and Agriculture Organiza- 
tion, 1959. 108 p. pap. Factual information of national 
policies and measures affecting grains, for 21 countries. 

* Material for this list should be sent to Dr. James G. Hodgson, Chief, 


Library Branch, Quartermaster Food and Container Institute for the 
Armed Forces, 1819 West Pershing Road, Chicago 9, Illinois. 
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Foxboro flange-mounted liquid level transmitter on Ist fine fiber wash tank at 
Union Starch and Refining Company’s wet corn milling plant, Granite City, Illinois 


UNION STARCH & REFINING REPORTS: 


“Faster tank clean-up -less instrument maintenance 
with Foxboro Liquid Level Transmitters” 


“We leave our Foxboro Liquid Level Transmitters 
right on our tanks at clean-up time,” reports Robert 
Hays, Chemical Engineer at Union Starch & Refining 
Company, Granite City, Illinois. “The transmitter’s 
flange-mounted, stainless steel diaphragm gets 
scrubbed right along with the vessel wall — without 
affecting its high accuracy of performance at all.” 
Foxboro Type 13 FA Level Transmitters have no 
floats or bubble-tubes —- nothing to corrode or plug- 
up. 3-15 psi output signal operates standard recorders 
and controllers without the use of signal converters. 
And the 13 FA is available with elevated and sup- 


pressed ranges when process requirements make 
these features desirable. 

For accurate, trouble-free level measurement and 
transmission, the Foxboro Type 13 FA Transmitter is 
your answer. Accurate to + 42% on all types of liquids 
— from water, to highly viscous and corrosive liquids. 

Ask your nearby Foxboro Field Engineer for 
full details, or write for Bulletin 458-52. The Foxboro 
Company, 359 Norfolk St., Foxboro, Mass. 


FOXBORO 


REG. US PAT. OFF 
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Okra for processing. J. G. Woodroof and Ethyl Shelor. Athens, 
Ga., 1958. 51 p. (Georgia. Agricultural Experiment Sta- 
tions. Bulletin, n.s, 56.) pap. apply. 


Proceedings of the Seventh Annual National Dairy Engineer- 
ing Conference. East Lansing, Mich., Department of Agri- 
eultural Engineering, Michigan State University, 1959. 
105 p. processed. $2.00. Another in the series which covers 
problems from the farm through the commercial plant. 


Proceedings of the 28th annual State College of Washington 
Institute of Dairying. Pullman, Wash., Department of 
Dairy Science, W.8.C., 1959. 131 p. processed. Papers pre- 
sented at the Institute. 


Production yearbook, 1958. Rome, Food and Agriculture Or- 
ganization, 1959. 475 p. Vol. 12 of the annual series on 
agriculture and food production, 


Salting peanuts in the shell for roasting. 8. R. Ceeil and J. G. 
Woodroof. Athens, Ga., 1959. 4 p. processed. (Georgia. 
Agricultural Experiment Stations. Mim ographed series n.s. 
68.) Revision of a process first published in Food Engineer- 
ing, November 1952. 


Whole kernel sweet corn for canning and freezing. Wiibur A. 
Gould and others. Wooster, Ohio, 1959. 72 p. (Ohio Agri- 
eultural Experiment Station. Research bulletin 826.) No. 4 
in a series on fresh and processed vegetables, 


Food Technology 


Chemistry and technology of cereals as food and feed. Samuel 
A. Matz, ed. Westport, Conn., Avi Publishing Co., 1959. 
732 p. $15.00, An outstanding list of writers have prepared 


PROCTOR 
SPRAY DRYERS 


ore designed with your prod- 
uct and production require- 
ments in mind. Our engineers 
can custom build a Spray 
Dryer for you which will give 
yecrs of trouble-free produc- 
tion... high production of a 


quality product at minimum 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 


cost. Our engineers will consult 
with your product development 
group ... run tests on our test 
equipment . . . and recom- 
mend a spray drying instal- 
lation specifically designed to 
solve your particular problems. 
Write for Bulletin #442. 


the various chapters. Editor was formerly Chief, Cereal 
and General Products Branch, Food Division, Quartermas- 
ter Food and Container Institute. A review of this book 
will appear in a subsequent issue of Foop TecHNOLoGy. 


Food-packaging materials; their composition and uses; a re- 
port of the Food Protection Committee, Food and Nutri- 
tion Board. Washington, National Research Couneil, 1958. 
48 p. (National Research Council. Publication 645.) pap. 
$1.00, 


Frozen food pack statistics, 1958. Washington, D. C. National 
Association of Frozen Food Packers, 1959. 2 v. pap. apply. 
Part 1 is Fruit, and pt. 2, vegetables. 


Tressurized packaging (aerosols). A. Herzka and J. Pickthali. 
Academie Press, Ine. New York. 1959. 411 p. $12.00. 


Procedures for the testing of intentional food additives to 
establish their safety for use. Second report of the Joint 


(Continued on page 30) 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 


September 13-18 136th National Meeting of the American 
Chemical Society, Atlantic. City, New Jersey 
Instrument Society of America 14th Annual 
Meeting. Symposium and Workshop for Man- 
agement People, Engineers and Technologists 
in the Food Industry, Chicago, Illinois 
September 22-24 Institute of Sanitation Management, Annual! 
Conference and Show, Hotel New Yorker and 
New York Trade Show Building 
September 22-24 Third Annual Industrial Nuclear Technology 
Conference, Morrison Hotel, Chicago [illinois 
September 24-25 American Society of Quality Control, Third 
Annual Chemical Division Technical Confer- 
ence, The Shamrock Hilton Hotel, Houston, 
Texas 
September 28-30 American Oil Chemists’ Society Fall Meet- 
ing, Statler Hilton Hotel, Los Angeles, Cali 
fornia 
Sixth National Symposium on Vacuum Tech- 
nology of the American Vacuum Society, 
Sheraton Hotel, Philadelphia 
Association of Official Agricultural Chemists, 
Shoreham Hotel, Washington, D. C. 
12th Annual Conference, Southern California 
Section, IFT, and Nutrit on Foundation, Ine. 
Miramar Hotel, Santa Moniea, California. 
Theme: Current Trends in Food and Nu- 
trition 
Sectional Meeting of the Society for Applied 
Spectroscopy and Instrument Exhibition, 
Hotel New Yorker 
November 16-18 Annual National Packaging Forum of the 
Packaging Institute, Ine., Hotel Statler, New 
York, N. Y. 


September 22 


October 7-9 


October 12-14 


October 23 


November 4-6 


1959-1960 
December 26- 
January 3 


Dairy and Food Exposition, New York Coli- 
seum, New York, N. Y. 

1960 
May 15-19 Twentieth Annual Meeting of the Institute 
of Food Technologists, Fairmont Hotel and 
Masonic Temple, San Francisco, California 


Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 
York, New York 


June 17-20 Twenty-second Annual Meeting of the Insti- 
tute of Food Technologists, Americana Hotel, 
Bal Harbor, Miami Beach, Florida 


¥ : 
at 

ne 

1961 
May 7-11 

‘ 
1962 

28 


IN SEASONINGS! 


Among spice flavors, Seasonings have the 


rich, full-flavor quality of th@ Symphony. fhe mellow, balanced harmony that 


can win more patronage for 


Griffith—both composer and a customer's “flavor score” 


with such fidelity, even critics apply iema@amg the woodwinds, 


violins, horns and 'cellos of the spice"@@@@m=ama@ @ more harmonious sensation 


of flavor tones so pleasing to your par@iiaian patronage. 


Connoisseurs of flavors, practiced in Wi@enemee of spice blending nearly 


40 years—Griffith artistry will give your mew in taste 


appeal. Try Pepperoyal, or a special blend of Solublized Seasonings— now. 


¥ 


The 
GRIFFITE 


LABORATORIES, Ing 


CHICAGO 9, 1415 W. 37th St. * UNION eg 
LOS ANGELES 58, 4900 Giffoumm 


Rahway Ave. 


PEPPEROYAL 


is a registered name 


icago 
Orchestra 
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FAO/WHO Expert Committee on Food 
Additives. Rome, Food and Agricul- 
ture Organization, 1958. 19 p. (FAO 
Nutrition Meetings report series no. 
17.) pap. $0.30. Also obtainable from 
Columbia University Press, Interna- 
tional Documents Service. 


Research on the refrigeration of perish- 
able commodities. Annual report of 
the Direetor, 1958. Colorado Springs, 
Colo., Refrigeration Research Founda- 
tion, 1959. 44 p. pap. apply. Sum- 
maries of work in progress and the re- 
sulting publications. 


Specifications for identity and purity of 
food additives. Third report of the 
Joint FAO/WHO Expert Committee 
on Food Additives. Rome, Food and 
Agriculture Organization, 1959. var. p. 
mimeographed. (FAO/59/3/2140.) A 
preliminary edition, not yet approved 
by the Executive Board of WHO, 
which sets out the details of tests and 
specifications. 


Viewpoints on food additives. Symposium 
presented before 134th annual meeting 
of the Division of Chemical Marketing 
and Economies (ACS) September 11, 
1958. Chieago. 


Nutrition 


Food values in shares and weights in 
common servings with suggestions for 
personal food needs; 2nd ed. Clara 
Mae Taylor. New York, Macmillan, 
1959. 126 p. $4.00. First edition pub- 
lished in 1942, now theroughly revised. 


Joint FAO/WHO Expert Committee on 
Nutrition, Fifth report. Rome, Food 
and Agriculture Administration, 1958. 
55 p. (FAO Nutrition Meetings re- 
port series no. 19.) 


Proteins in foods. 8. Kuppuswamy, M. 
Srinivasan, and V. Subrahmanyan. 
New Delhi, India, Indian Couneil of 
Medical Research, 1958. 289 p. (Spe- 
cial report series no. 33.) Short text 
to each chapter, but detailed tables 
and a considerable bibliography. 


Report of the FAO Nutrition Meeting for 
Europe, Rome, 1958. Rome, Food and 
Agriculture Organization, 1958. 28 p. 
(FAO Nutrition Meeting series no. 
21.) pap. $0.50. Also obtainable from 
Columbia University Press. 


Report of the FAO/UNICEF regional 
school feeding seminar for Asia and 
the Far East. Tokyo, Japan, 10-19 
Nov. 1958. Rome, Food and Agricul- 
ture Organization, 1959. 52 p. pap. 
(FAO nutrition meetings report series, 
no, 22.) 


Sucre et montagne: I ere partie: Travail 
et alimentation en haute altitude. G. 
Le Bideau, et Mme. Berard. Paris, 
Documentation Scientifique du Cedus, 
1959(?) 26 p. pap. A summary of 
the literature. 
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Biological Aspects 


Microbiology; 2nd ed. Louis P. Geb- 
hardt and Dean A. Anderson. St. 
Louis, C. V. Mosby, 1959. 476 p. 


Chemical Aspects 


Advances in inorganic chemistry and 
radio chemistry, v. 1. H. J. Eméléus 
and A. G. Sharpe, eds. New York, 
Academic Press, 1959. 460 p. $12.00. 
A new title in the ‘‘ Advances’’ group. 


Advances in protein chemistry, v. 13. 
C. B. Anfinsen, jr. and others. ed. New 
York, Academic Press, 1958. 535 p. 
$13.80. Continues a long useful series. 


Colorimetric determination of nonmetals. 
David F. Boltz, ed. New York, Inter- 
science, 1958. 372 p. (Chemical 
analysis v. 8.) 


Diagnostic biochemistry; quantitative 
distribution of body constituents and 
their physiological interpretation. Hal- 
vor N. Christensen. New York, Ox- 
ford University Press, 1959. 300 p. 
For analysis in the clinical laboratory, 
but with somewhat wider usefulness. 


Industrial fatty acids and their applica- 
tions. E. Seott Pattison, ed. New 
York, Reinhold, 1959. 230 p. $7.00. 
Articles by authorities on the produe- 
tion and processing of fatty acids. 


Bibliographies 


Food preservation by irradiation, 1951- 
58. Washington, D. C., 1959. 4 p. 
(U. 8. Dept. of Commerce. Office of 
Technical Services. Catalog of techni- 
eal reports. CTR 357.) pap. $0.10. 
Ineludes entries for a great many final 
reports from the Quartermaster Food 
and Container Institute with an indi- 
eation of their cost when secured 
through OTS. 


Miscellaneous 


Dictionary of nuclear science and tech- 
nology. W. E. Clason. Princeton, N. J. 
D. Van Nostrand, 1958. 914 p. $25.00. 
In English, American, French, Spanish, 
Italian, Dutch and German. Useful 
for those working on the radiation of 
foods. 


Flow measurement and control. Wilfred 
F. Coxon. New York, Maemillan, 
1959. 322 p. (Physical processes in 
the chemical industry, v. 3.) $11.00. 
An imported reference book for chemi- 
eal engineers and students describing 
apparatus used. 


National food reserve policies in wnder- 
developed countries. Rome, Food and 
Agriculture Organization, 1958. 70 p. 
FAO Commodity policy studies, 11.) 
pap. $1.00. Also obtainable from the 
Columbia University Press. 


Performance data on a new ionization de- 
tector. L. V. Guild, M. I. Lloyd, and 
F. Aul. Pittsburgh, 19, Pa., Burrell 
Corp., 1959. 21 p. processed. Pre- 
sented at the Instrument Society of 
America, 2nd International Sympo- 
sium on Gas Chromatography, East 
Lansing, Mich., June 10, 1959. 


State of food and agriculture for 1958. 
Rome, Food and Agriculture Organi- 
zation, 1958. 222 p. pap. $2.50. Also 
obtainable from the Columbia Univer- 
sity Press. 


The food trade directory of trade marks 
and brand names. London. Food Trade 
Review Ltd. 1959. 


ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 


Cloud point as a means of characterizing 
the polyglycols of polyoxyethylene 
(8) stearate. 


Brewster, M. D. BRANpDNER, J. D. 
(Atlas Powder Co., Wilmington, Del.). J. 
Agr. Food Chem. 7, 348-9 (1959). 


Polyoxyethylene (8) stearate which has 
been used extensively in yeast-raised 
baked goods may be characterized by the 
cloud point of the recovered polyethylene 
glycols. This test is sensitive to the mol. 
wt. distribution of the polyglycols in the 
mixt. and hence will distinguish between 
polyethylene glycols which have a Pois- 
son-type distribution and those of the 
same average mol. wt. but having a non- 
random distribution of polyethylene gly- 
cols. Cloud point is particularly sensitive 
to the presence of polyethylene glycols of 
mol, wt. greater than 600. 


The determination of egg in certain foods 
by enzymic hydrolysis of the phos- 
pholipids. 


Casson, C. B. anp Grirrin, F. J. (J. 
Lyons & Co. Ltd., London, Engl.). 
Analyst 84, 281-6 (1959). 


A method is deseribed for the detn. of 
egg solids in foods; hydrolysis of the 
phospholipids is effected by means of the 
enzyme lecithinase D. The liberated cho- 
line is sepd. by adsorption on a cation- 
exchange resin and, after elution, is detd. 
colorimetrically as the reineckate. The 
application of the method to the detn. of 
egg solids in salad cream is dealt with. 


BIOLOGICAL SCIENCES 
Biochemistry 


Biochemistry of erythorbic acid. Human 
blood levels and urinary excretion of 
ascorbic and erythorbic acid. 
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Kapin, H. anp Osapoa, M. (General 
Foods Research Center, Tarrytown, 
N.Y.) J. Agr. Food Chem. 7, 358-60 
(1959). 


Comparative blood level trials in five 
normal subjects showed that the inges- 
tion of erythorbie acid which has less 
than 1% of the vitamin C aetivity of 
L-ascorbic in animals, can lead to over- 
estn. of the state of vitamin C nutrition 
as judged by blood levels. A_ rapid, 
quant. paper chromatographie technique 
for sepn. of the isomers showed no signifi- 
eant displacement of L-asecorbie by 3800- 
mg. doses of erythorbie acid. 


Tissue sulfhydryl groups. 


ELuMaAN, G. L. (Dow Chem. Co., Mid- 
land, Mich.). Arch. Biochem. Biophys. 
82, 70-7 (1959). 


A water-soluble (at pH 8) aromatic 
disulfide [5,5-dithiobis(2-nitrobenzoic 
acid)| has been synthesized and shown 
to be useful for detn. of sulfhydryl 
groups. Several applications have been 
made to show its usefulness for biological 
materials. 


Sulfur amino acid requirement for lacta- 
tion in the rat. 


Netson, M. M. Aanp Evans, H. M. 
(Univ. of Calif., Berkeley). Proc. Soc. 
Exptl. Biol. Med. 100, 723-5 (1959). 


Supplementation of 12, 18, and 24% 
easein diets with 0.5% L-cystine markedly 
improved lactation performance as 
judged by weaning weights of young and 
mother. The data indicate that total sul- 
fur amino acid requirement for optimal 
lactation in the Long-Evans rat may be 
placed at slightly more than 1% of the 
diet and that eystine may furnish at 
least half of this requirement. 


Site of reaction of wax bean hemag- 
glutinin with rabbit erythrocytes. 


Norturop, R. L. anp Liener, I. E. 
(Univ. of Minnesota, St. Patil). Proce. 
Soc. Exrntl. Biol. Med. 100, 105-8 (1959). 


Many plant seeds contain substances 
which agglutinate animal erythrocytes. 
Experiments reported here reveal several 
features of rabbit erythrocyte agglutina- 
tion common to wax bean hemagglutinin 
and to influenza and Neweastle Disease 
viruses. This suggests that both may act 
on the same site of the red cell mem- 
brane. 


Toxic protein degradation products. 


RINDERKNECHT, H. AND NIEMANN, C, 
(California Inst. of Technol., Pasadena). 
Proc. Soc. Exptl. Biol. Med, 100, 35-40 
(1959 


Toxie polypeptides, prepd. by treat- 
ment of certain proteins with boiling 2% 
ethanolic sodium hydroxide, have been 
characterized. The most toxic prepns. ob 


tained by a salting out procedure, fol- 


THE FLEXIBILITY OF A LAB DRYER 


THE DEPENDABILITY OF A PRODUCTION DRYER 


NEW PIL 


FOR: 


BERRIES 

CEREALS 

COCOA 

COCONUT 

COFFEE 

COTTON SEED MEAL 
FRUITS 

NUTS 

RICE 

TAPIOCA 
VEGETABLES 

FOOD BY-PRODUCTS 
(Starch, 

Proteins, etc.) 


PLANT 


D RY Each drying section, 


or any arrangement of groups of sections, can 
be zoned and controlled independently to 
provide widest possible variation of temper- 
ature, humidity, etc., where needed. Produc- 
tion technique and settings are determined 
accurately, transferred to the production dry- 
ers without need for adjustment. Additional 
sections are added easily and quickly at your 
plant. They are delivered as a complete unit 
with motor, fan, heating coils and conveyor 
in place. Compact, made in two sizes, the 
smaller being only 4'-0” high and 3'-9” wide. 
Uses gas, electricity or steam for heating 
element. Simple adjustment to regulate con- 
veyor speed. Fully instrumented, has all 
necessary controls and recording charts. It's 
a little giant of versatility — invaluable in 
the modern, cost-conscious pilot plant. Let 
us give you details. 


FOR BETTER FOOD PROCESSING 


Sargent Dryers for Lab, Pilot Plant, Production (Conveyor, Tray, 
Tunnel) — easiest, speediest to install . . . less time than any other 
dryer on the market. Also, Sargent Feeds, Extruders, Granulators.. . 
Sargent Coolers. Special Machinery for Processing. 


HOUSTON 17, TEX. — 
CHARLOTTE, N.C 


PHILADELPHIA 19 — FE. Wasson, 519 Murdock Road 
CINCINNATI 15—A. L. Merrifield, 730 Brooks Avenue 
CHICAGO 44 — John Law & Co., 5850 West Lake St 
DETROIT 27 — Clifford Armstrong Co., 16187 Grand River Ave 


The Alpha Engineering Co., Box 12371 
— D. H. Caldwell Co., 2009 Wood Dale Terrace 


ATLANTA, GA. — J. R. Angel, Mortgage Guarantee Building 
TORONTO 1, CAN. — Hugh Williams & Co., 27 Wellington St. East 
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IMITATION VANILLA BEAN FLAVOR BY FIRMENICH 


Vanilla Bean Flavor by Firmenich stems from the vanilla bean. By original 

research, its components and desirable characteristics have been isolated, identified, and 
synthesized, By patient and painstaking laboratory techniques, they have been reconstructed for 
you in a precise and potent flavor material with all the aromatic qualities of the original. 

Vanilla Bean Flavor by Firmenich comes to you as an economical replacement of 

pure vanilla extract, of pure vanillin, or to use in combination in the manufacture of all 
products that you flavor with this most popular of flavors. Contains no coumarin. 


FIRMENICH INCORPORATED 
250 WEST 18TH STREET, NEW YORK 11 
FIRMENICH OF CANADA, LIMITED, 

348 WALLACE AVENUE, TORONTO 

CHICAGO OF FICE: 612 NORTH MICHIGAN AVENUE 
LOS ANGELES, 1756 MALCOLM AVENUE 


GENEVA PARIS LONDON 
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loved by dialysis or by ion exchange 
chromatography, while non-toxie when 
given orally, were lethal to guinea pigs at 
a level of 0.5 mg./kg. intravenously. 


Decreasing ‘‘amino acid hunger’’ of 
human muscle with age. 


CHRISTENSEN, H. N., TuHompson, D. H., 
et al. (Univ. of Michigan Med. School, 
Ann Arbor). Proce. Soc. Exptl. Biol. Med. 
100, 780-2 (1959). 


Injected C," a-aminoisobutyrie acid 
was much more strongly coned. by skele- 
tal musele in children than in men, The 
greater general uptake by tissues could 
be recognized by the resultant consist- 
ently lower plasma level in the young. 
The absence of catabolism of this amino 
acid was shown by observation of less 
than 0.002% of the injected C™ in ex- 
pired air during 6 hours, counting respir- 
atory CO, in the form of LisCOs. 


Incorporation of Camino acids into 
protein of isolated diaphragms: an 
effect of insulin independent of 
glucose entry. 


Woon, I. G. anp Kraut, M. E. (Univ. 
of Chicago, Ill.). Am. J. Physiol. 196, 
961-4 (1959). 


The effect of glucose conen. and in- 
sulin on protein synthesis was investi- 
gated using the isolated rat diaphragm 
and C-labeled amino acids. When the 
donor rat has been well fed, the ineor- 
poration of histidine-2-C", lysine-2-C™, 
phenylalanine-3-C™, and alanine-1-C™ in- 
to muscle protein is uninfluenced by gla- 
cose conen. in the medium over the range 
0-600 mg. %. Insulin leads to an in- 


Camino acid ineorporatien 


erease in 
into musele protein in the absence of glu- 
cose in the medium. These find:ngs sug- 
gest an effect of insulin on protein 
metabolism independent of its action in 


promoting glucose entry. 


Amino acid and glucose uptake in rela- 
tion to protein synthesis in cells 
growing in tissue culture. 


Srinciair, R. Lesiiz, I. (Queen’s 
Univ., Belfast, Ireland). Biochim. et 
Biophys. Acta 82, 58-68 (1959). 


Replicate roller tube cultures of short- 
term human fetal lung and kidney cells, 
of a transformed human liver cell strain 
and of long-term human malignant strains 
have been used to investigate amino acid 
uptake, protein synthesis and earbohy- 
drate metabolism during cell multiplica- 
tion in growth-promoting medium. The 
uptake of 13 individual amino acids has 
been followed by quant. paper chroma- 
tography. 


Microbiology 


Agarase from an agar-digesting bac- 
terium. 


Swartz, M. N. anp Gorpon, N. 
(Massachusetts General Hosp., Boston). 
J. Bacteriol. 77, 403-9 (1959). 


A versatile agarbacterium has been de- 
scribed which grows on various oligo- 
and polysaccharides and adaptively forms 
enzymes which will cleave these earbohy- 
drates. An enzyme, agarase, has been 
purified about 10-fold from the eulture 
medium and appears to release oligo- 
saccharide units, but not free galactose, 
from agar. Further breakdown of these 
oligosaccharides may be carried out by 
other enzymes in the medium or in the 
bacterium itself. These adaptively 
formed enzymes in the agarbaecterium 
may provide helpful tools in studying the 
structure of some of the naturally oceur- 
ring polysaecharides. 


A study of frozen precooked foods: Their 
sanitary quality and microbiological 
standards for control. 


ABRAHAMSON, A. E., BucHBINDER, L., 
et al. (Dept. of Health, City of New 
York). Assoc. of Food & Drug Offic. U.S. 
Quart. Bull. 23, 63-72 (1959). 


In the City of New York a microbio 
logical study was made of 195 samples of 
frozen precooked foods of nationally 
known brands, obtained at the retail 
level. At this level about 76% (inelud- 
ing poultry products which conform to 
the extent of 54%) were found to meet 
the Department of Health criteria of less 
than 100,000 colonies/g. and no Staphy- 
lococcus aureus, 


Nutrition 


Evaluation of protein in foods. I. A 
method for the determination of pro- 
tein efficiency ratios. 


CHAPMAN, D. G., CastTILLo, R. AND 
CAMPBELL, J. A. (Dept. of Natl. Health 
and Welfare, Ottawa, Can.). Can. J. 
Biochem. Physiol, 37, 679-86 (1959). 


This bioassay method involves measure 
ment of the protein efficiency ratio 
(grams gain per gram protein con 
sumed) under standardized conditions. 
Male rats of the Wistar strain 20-23 
days of age are fed ad libitum an other 
wise adequate reference diet contg. 10% 
protein supplied by a standard sample 
of casein. Foods to be assayed are added 
to the diet as the sole source of protein at 
the expense of the casein and corn starch 
to maintain a protein level of 10%. Pro- 
tein efficiency ratios (P.E.R.’s) are ealed. 
after 4 weeks and are adjusted to a 
const. value of 2.5 for casein. Although 
influenced by the age of rat and subject 
to certain inherent criticisms, detn. of 
P.E.R. values was found to be a simpler 
method for evaluating protein quality 
than detn. of net protein retention or 
net protein utilization and equally sensi- 
tive. 


Investigate Dispersions 
and Emulsions in 
your own plant with a 


Laboratory Homogenizer 


For Only 
$7500 
per Month 


on Gaulin's 
Rental Plan 


Now you can try homogeniza- 
tion of your products for just a few 
dollars a day by renting a Gaulin 
Laboratory Homogenizer. 

This versatile machine reduces 
ingredients in your product to ulti- 
mate particle size. Emulsions and 
dispersions are broken down to ex- 
tremely small size providing a 
maximum degree of uniformity and 
stability. 

Remember rental charges are ap- 
plicable against purchase price of 
the machine. 

Bulletin LH-55 gives complete 
information. Write for your copy 
today. 


82 Garden Street, Everett 49, Mass. 


World’s largest manufacturer of stainless steel 
reciprocating, rotary, pressure exchange pumps, 
dispersers, homogenizers and colloid mills. 
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Big news for 


frozen food 


processors 


Taste tests prove 
success cf 
new smoke flavor 


Chicago—Now, for the first time, 
you can give frozen foods a natural 
hickory smoke flavor right in your 
own plant without special process- 
ing. A new product, Kater Auto- 
lysate, which has been registered 
with the Poultry Division, USDA, 
gives all foods a natural smoke 
flavor without the added expense 
of smoking. 

In actual tests, the tasters could 
not tell the difference between or- 
dinary smoked turkey and turkey 
which had been flavored with Kater 
Autolysate. As an example, in the 
manufacture of turkey rolls, only 6 
to 8 ounces of Kater Autolysate per 
100 Ibs. of turkey are needed—cost 
of smoking is less than half a cent 
per pound—and your recipe is 
otherwise unchanged. This ingred- 
ient gives any product—sauces, 
cheese, gravies, etc—a natural 
hickory smoke flavor. 


Write for free sample 


Write on company letterhead stating 
title, and we will send sample postpaid. 


PRODUCTS 
COMPANY 


Manufacturing chemists for the 
food and pharmaceutical industries 
415 W. Scott, Dept. FT, Chicago 10, Ill. 
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Studies on the role of enzyme supple- 
ments and water treatment for im- 
proving the nutritional value of 


Witiinenam, H. E., Jensen, L. 8. 
AND McGinnis, J. Poultry Sci. 38, 539- 
44 (1959). 


A highly significant improvement in 
growth and feed utilization of chicks 
oceurred when diets contg. barley were 
supplemented with enzymes from bae- 
terial and fungal sources and malted bar- 
ley. However, cryst. amylase was com- 
pletely inactive. 


The utilization by the chick of protein 
bound as compared to free dietary 
lysine. 


Scuwartz, H. G., Taytor, H. G. anp 
Fisuer, H. (State Univ., New Bruns- 
wick, N. J.). Poultry Sci. 38, 316-18 
(1959). 


The present investigation has not de- 
tected any difference in the utilization of 
lysine by chicks whether added in the 
free form or as part of the protein strue- 
ture. 


An adequate diet. 


Maywnarp, L, A. (Cornell Univ., Ithaea, 
N. Y.). J. Am. Med. Assoc. 170, 457-8 
(1959). 


An adequate diet is one which meets in 
full all the nutritional needs of the per- 
son. These needs are set forth for in- 
fants, children, boys, girls, men and 
women in the report entitled Recom- 
mended Dietary Allowances. A very hel: 
ful guide for food selection is Essentials 
of an Adequate Diet, Home Economies 
Research Report 3, Agr. Research Service, 
1957. In this publication, foods are 
divided into 4 groups, and directions are 
given as how to choose a diet from these 
groups. 


Dietary treatment of an infant with 
phenylketonuria. 


F. STONEMAN, M. E. 
AND MALIPHANT, R. Lancet 7073, 609-11 
(1959). 


Normal intelligence was apparently re- 
gained and maintained in a child with 
phenylketonuria, in whom dietary treat- 
ment was started at the age of 17 weeks. 
The evidence suggests that treatment 
must be started at a very early age if the 
rate of mental development is to be 
notably enhanced. All infants should 
have their urine tested for phenylketones 
at the age of 3 weeks, and possibly again 
at 6 weeks. 


Hyperbilirubinemia of newborn infants 
associated with the parenteral ad- 
ministration of a vitamin K analogue 
to the mothers. 


Lucey, J. F. anp Douan, R. G. (Univ. 
of Vermont Coll. of Med., Burlington). 
Pediatrics 23, 553-60 (1959). 


Seven cases of marked hyperbilirubi- 
nemia occurring among premature in- 
fants within the first 40 to 72 hrs. of life 
are reported. The mothers of these in- 
fants had received 72 mg. of a vitamin K 
analogue intramuseularly or intraven- 
ously from 2 to 112 hrs. prior to delivery. 
The hypothesis is presented that the vita- 
min K analogue passed through the 
placenta and exerted a hepatotoxic effect 
upon the newborn infant. Because of 
possible serious consequences to the in- 
fant, new drugs should be used with cau- 
tion when administered to pregnant 
women or to newborn infants. 


X. Endogenous dilution of administered 
labeled acetate during lipogenesis 
and cholesterogenesis in two types 
of obese mice. 


ZOMZELY, C. AND Mayer, J. (Harvard 
School of Public Health, Boston, Mass.). 
Am, J. Physiol. 196, 956-60 (1959). 


Determination of diln. of administered 
labeled acetate by endogenously produced 
acetate in 2 types of obese mice: gold 
thioglueose obese mice (regulatory 
obesity) and obese hyperglycemic mice 
(metabolic obesity) shows that this diln. 
is of the same order for obese and non- 
obese mice when fed ad libitum. These 
data in conjunction with results obtained 
on ineorporation of C™ into fatty acids 
and cholesterol show that the increased 
synthesis of these lipids is related solely 
to the hyperphagia in the ease of the 
goldthioglucose obese mice. The results 
justify the previously drawn distinction 
between ‘regulatory’ and ‘metabolic’ 
obesities. 


The nutritional effect of polymers isolated 
from thermally oxidized corn oil. 


Perkins, E. G. anp KuMMeERow, F. A. 
(Univ. of Illinois, Urbana). J. Nutrition 
68, 101-8 (1959). 


Weanling rats were fed for 21 days a 
diet composed of 50% glucose, 31% 
easein, 5% Wesson salt, 2% fresh cotton- 
seed oil, 12% of the test fat or fatty 
acid fraction, and ali of the known re- 
quired water- and fat-soluble vitamins. 
Those fed the non-distillable residue 
from the non-urea-adduct-forming fatty 
acids of corn oil which had been heated 
at 200°C. for 48 hrs. and represented 
approximately 30% of the original oil all 
died within 7 days. Although the fatty 
acids from thermally oxitized oil de- 
pressed growth significantly, the rats fed 
the urea-adduct-forming fatty acids, 
which represented 64% of the oil, gained 
as much wt. as those on the fatty acids 
of fresh corn oil. 


Biological and chemical studies on com- 
mercial frying oils. 

KEANE, K. W., Jacopson, G. A. AND 

Krieger, C. H. (Campbell Soup Co., 
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Camden, N. J.). J. Nutrition 68, 57-74 
(1959). 


Hydrogenated cottonseed oil heated in 
a commercial deep-fat fryer under actual 
production conditions for as long as 24 
days had no deleterious effects on rats 
when fed at levels as high as 20% of the 
diet. A highly significant positive cor- 
relation was found to exist between the 
nutritive value of the fat as measured by 
the caloric restriction technique, and 
the total non-conjugated double bonds 
present in the fat. Fats which have been 
heated and oxidized under laboratory 
conditions yield a lower growth rate in 
rats than the unheated oils but exhibit no 
apparent symptoms of toxicity (i.e., 
diarrhea, rough hair coat, ete.) when 
tested using nutritionally adequate diets. 


Cod-liver oil as both source and antag- 
onist of vitamin E. 


Moore, T., SHARMAN, I. M. AND WARD, 
R. J. (Univ. of Cambridge, Engl.). Brit. 
J. Nutrition 13, 100-10 (1959). 


By chemical methods a specimen of 
medicinal eod-liver oil was found to con- 
tain about 10 mg. a-tocopherol/100 g. In 
rats given a diet with 10% of cod-liver 
oil all the abnormalities caused by avita- 
minosis E could be prevented by an ade- 
quate weekly dose of pL-a-tocopheryl 
acetate. The failure of whole cod-liver 
oil to act as a good source of vitamin E 
in accordance with the results of chemi- 
eal tests may therefore be explained by 
the antagonistic action of its other com- 
ponents, particularly its highly unsatd. 
fatty acids. 


Study of vitamin E supplements in rela- 
tion to muscular dystrophy and other 
diseases in aging rats. 


Berc, B. N. (Columbia Univ., New 
York City). J. Gerontol. 14, 174-80 
(1959). 


Large supplements of a-tocopherol 
failed to prevent the muscular dystrophy 
of aging rats. Other chronic diseases, 
longevity, and growth were also un- 
affected. 


Nutritional factors in liver disease in 
man. 


Leevy, ©. M. (Natl. Insts. of Health, 
Bethesda, Md.). Am. J. Clin. Nutrition 
7, 146-60 (1959). 


Utilizing serial liver biopsies in man, 
it is possible to demonstrate a transition 
of fatty liver to cirrhosis and eventual 
development of hepatoma in malnour- 
ished alcoholic subjects. The frequent 
occurrence of this sequence makes it de- 
sirable to consider fatty liver as the first 
stage of cirrhosis, as early recognition 
and treatment with an adequate diet pre- 
vents development of cirrhosis and its 
complications. 39 references. 
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BAKERS! 


Test Your Know-How 


Do you know these 
important ways Sta-Sol® 
Lecithin Concentrate can 
improve the quality of 
your baked goods? 


As an emulsifier and anti-oxidant, 
Sta-Sol Lecithin Concentrate is 
second to none. And because it is 
so effective, only a small amount is 
required to give you softer texture, 
reduced stickiness, prolonged shelf 
life, better distribution of fats and 
shortenings. Available in fluid or 
semi-solid form, bleached or un- 
bleached, Sta-Sol provides a num- 
ber of important advantages. 


PIE DOUGHS—Sta-Sol produces 
a drier, easier-handling dough with 
a more uniform baked color. 
Makes a tender, flakier crust. Re- 
tards formation of stale or rancid 
flavors due to oxidation. 
BREAD, BUNS, ROLLS—Sta-Sol 
affords a silkier crumb, a more 
tender crust. Produces a drier 
dough with less stickiness, better 
machinability. Gives a more uni- 
form grain, more uniform crust 
color. Retards staling, extends 
shelf life. 
SWEET DOUGHS—In yeast- 
raised doughnuts and cake dough- 
nuts, Sta-Sol provides better ma- 
chinability with a cleaner deposit. 
Produces a more uniform, richer 
color, with a smoother texture and 
grain. Retards rancidity. 
COOKIES—Sta-Sol produces a 
drier dough with a more even and 
uniform color, Reduces ‘“check- 
ing.” 
ICINGS and FILLINGS—Sta-Sol 
affords better gloss and sheen; 
smoother texture. Produces a more 
pliable product that’s easier to ap- 
ply. Reduces surface hardening; 
extends shelf life. 

For complete information on 

Sta-Sol Lecithin Concentrate 

and how it improves the quality 

of your baked goods, write to- 

day to: 


A. E. Staley Mfg. Co., Decatur, III. 


Branch Offices 
Staleys Allanta + Boston + Chicago 


Cleveland + Kansas City « New York 
® Phitadeiphia -San Francisce St. Louis 
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General physiology of aging. 

Groen, J. J. (Hadassah Univ., Jeru- 
salem, Israel). Geriatrics 14, 318-32 
(1959). 


The process of aging is a combination 
of biologie and physiologic changes, 
varying in nature and intensity with the 
individual. Such faetors as biochemical 
processes, decreased sexual function, in- 
creased incidence and severity of disease, 
und adjustment to physical and environ- 
mental changes are discussed. 


Toxicology 


Biochemical and pharmacological aspects 
of colors and flavors. 


WiuuiaMms, R. T. (St. Mary’s Hosp. 
Med. School, London, Engl.). Chem. ¢ 
Ind. 473-6 (1959). 


The physiological actions of sulfonic 
acids, azo dyes, and a number of esters, 
aleohols, aldehydes, phenols and lactones 
used in the food indvstry as coloring and 
flavoring agents are briefly reviewed. 


Gamma-aminobutyric acid. 


K. A. AND Jasper, H. H. Me- 
Gill Univ., Montreal, Can.). Physiol. 
Revs. 39, 383-406 (1959). 


Current interest in y-aminobutyrie acid 
(GABA) has arisen from the demonstra- 
tion that this compd. has an important 
physiological action upon brain function 
und certain peripheral nervous structures. 
This review discusses the relationship of 
GABA and similar substances to the pos- 
sible mechanisms underlying disturbances 
in brain metabolism, which form the 
basis for certain mental diseases. 


ENGINEERING RESEARCH 
New types of galvanic fuel cells. 


SrraatMAan, J. F. Brit. Chem. Eng. 4, 
286-8 (1959). 


Galvanie fuel cells are electric cells 
which derive their energy from a reaction 
taking place in one of 2 reactant streams 
which continually pass through the cell. 
Usually the reactants are gaseous. For 
example a reducing stream of Hy passing 
through the anode is partly converted to 
water by oxygen transferred through the 
cell electrolyte from an oxygen stream 
passing through the cathode. The effti- 
ciency of energy conversion to electricity 
is very high, 65% or even up to 80%. 
There are cells for ambient temp. opera- 
tion, the Natl. Carbon Co. cell, but the 
more efficient ones operate at temps. 
about 720°C., the Davtyan and the 
Broers cells. 


The engineer’s bookshelf. 


Korr, R. M. Product Eng. 30, 45-60 
(Mar. 30, 1959). 


A detailed compilation of periodicals, 
indexes, handbooks, general library refer- 
ences and books published within the last 
2 years, arranged in broad subject classi- 
fications for the design engineer. 


FOOD AND FOOD TECHNOLOGY 
Antioxidants 


A direct spectrophotometric determina- 
tion of butylated hydroxyanisole in 
lard and hardened lard. 


Hansen, P. V., KaurrmMan, F. L. anp 
Wieperman, L. H. (Swift and Co., Chi- 
eago, Ill.). J. Am. Oil Chemists’ Soe. 36, 
193-5 (1959). 


A direct spectrophotometric method for 
the detn. of butylated hydroxyanisole has 
been presented. This procedure allows 
good precision in the analysis of lard and 
hardened lard contg. from 0 to 100 p.p.m. 
of BHA and is more reliable than exist- 
ing colorimetrie techniques, especially in 
the lower range of antioxidant conens. 


Antioxidant effect in boxboard. 


CALDWELL, E. F. AND SHMIGELSKY, 8S. 
Modern Packaging 32, 111-13 (May 
1959). 


Inside surface of double-bleached ma- 
nila lined clipboard was sprayed by a 
board manufacturer with butylated hy- 
droxyanisole in an amt. equal to .05% of 
board by weight. Stored samples of 
wheat flakes, corn flakes and rice flakes 
in one ounce size cartons made from the 
treated board resulted in significant im- 
provement in organoleptic acceptability. 


Gelatin 
Isolation of gelatin from ancient bones. 


Srvex, F. M. anp Faris, B. (Boston 
Univ. School of Med., Mass.). Science 
129, 969 (1959). 


The isolation and characterization of 
gelatin from 12,000-year-old deer antlers 
is deseribed. Use of gelatin from ancient 
Lones for carbon-14 dating may improve 
the ueeuracy of the dating procedure be- 
eause gelatin is not likely to be contami- 
nated by extraneous carbon. 


Poultry 


Composition of turkey meat. III. Essen- 
tial amino acid composition. 


Scorr, M. L. (Cornell Univ., Ithaca, 
N. Y.). J. Am. Dietetic Assoc, 35, 247-9 
(1959). 


The essential amino acid compn. of 
male and female turkey breast and leg 
meats was detd. The results show that 
turkey protein is similar in amino acid 
eompn. to that of chicken, beef, and pork 
when the amino acids are expressed as 
percentages of the proteins in these 
meats. Turkey meat, therefore, contains 
more of each essential amino acid be- 
cause it contains more protein. 
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TOPS THEM ALL! 


FRITZSCHE’'S T P Cc 


Talk about TOP BANANA~— well, here it is! A luscious new imitation 
banana flavor developed by our laboratories to give your finished goods 
a fuller, richer, more flavorful effect. Observe it in marshmallows, 
fondants and hard candies; also in cake mixes, toppings, ice cream, or in 
puddings and other desserts. You will be delighted with its smoother, more 
natural delicacy —the true-to-type flavor of mellow-ripe banana. 

Try it on our recommendation! 


Write for a FREE test sample of IMITATION TROPICAL 
BANANA FLAVOR No. 28510—today! 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, III., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Factories: Clifton, N. J. and Buenos Aires, Argentina. 
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Starch 
Pointers on cooking of starch. Part I. 


Wuirr, T. A. (Natl. Starch and Chemi- 
eal Corp.). Food Proc, 20, 45; 52 (May 
1959). 


A discussion of equipment, temp., time 
of gelatinization, pH, cooling and agi- 
tating conditions and other processing 
variables which should be kept in mind 
in food processes involving the thicken- 
ing property of any starch. 


Taste Testing 


Exploratory physicochemical studies on 
the sense of taste. 


Lawrence, A. R. anp Fereuson, L. N. 
(Howard Univ., Washington, D. C.). Na 
ture 183, 1469-71 (1959). 


This study investigated the correlation 
of the molecular properties of taste sub- 
stances to the physiologica! response. 
Two approaches were taken: examn. of 
mechanism by which the sapid substance 
ean trigger a nerve impulse to the brain 
and discovery of the molecular properties 
responsible for characteristic tastes. 


Mr. David H. 
Rest hasbeen ap- 
pointed Director 
of the Food Ra- 
diation Preser- 
vation Division, 


Quartermaster 


Food and Con- 
tainer Institute 
for the Armed 
Forces, 1819 W. 
Pershing Road, 
Chieago. Mr. 
Rest, who was associate director of 
the division, is responsible for the 
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direction of the Institute’s pro- 
gram for research and develop- 
ment on the application of ionizing 
radiations for the preservation of 
foods. 

He first served on the Institute’s 
staff from 1948 to 1955 as chief of 
the Engineering Division, leaving 
this post to become, for a brief 
period, Chief Engineer at Mt. 
Sinai Hospital in Chicago. He re- 
joined the staff of the Institute in 
1956 as chemical engineer in the 
Office of the Deputy for Radiation. 
Among many other responsibilities, 
he has worked on the planning of 
the proposed Army Ionizing Radi- 
ation Center at Stockton, Cali- 
fornia. 

Mr. Rest received a degree in 
chemical engineering from Armour 
Institute of Technology (now IIli- 
nois Institute of Technology) in 
1947. He is a member of the In- 
stitute of Food Technologists, the 
American Chemical Society, and 
the American Institute of Chemical 
Engineering. 

In making the 
announcement 
of the new ap- 
pointment, Col- 
onel James P. 
Littlejohn, In- 
stitute Com- 
mandant, called 
attention to the 
continued inter- 

— est in radiation 
Col. J.P. Littlejohn peservation re- 
search, both in the U.S.A. and out- 
side our borders. Although the 
basic problems in this field have 
proved to be somewhat more diffi- 
cult than was foreseen, research is 


being pursued with the confidence 
that the findings will eventually be 
translated into the language of 
processes and technologies. Mr. 
Rest’s background and experience 
give assurance that all leads in this 
direction will be fully exploited. 
For the present the urgent task 
seems to be one of analyzing and 
consolidating the research gains. 


FOOD COMPANY EXECUTIVES MEET 
AT COLUMBIA UNIVERSITY’S AR- 
DEN HOUSE: Left to right are Hoke S. 
Simpson, Director of The Executive Pro- 
gram in Business Administration of Col- 
umbia University, Earl H. Kees, Marketing 
Manager of Flour and Pet Foods, General 
Mills, Inc., and James R. Gilbert, Assistant 
Treasurer of The Nestle Company. The 
Fourteenth Session of the Executive Pro- 
gram was held from June 15-July 25. Now 
in its eighth year, The Executive Program, 
part of the Graduate School of Business, 
is a six-week course of study for senior 
executives representing diverse industries. 


The election of two new members 
to the Board of Trustees of Cornel! 
University was announced today by 
Deane W. Malott, president of the 
University. They are Harold ©. 
Hanover, president of the New 
York State AFL-CIO, representing 


NEW PREPARED SAIGON CINNAMON FILLING 


| mew way to use Sant Developed and ‘produced exclusively by the Knickerbocker Mills Cc 


Our special service representatives will, be happy 
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labor; and Dr, Catherine J. Per- 
sonius, professor of food and nutri- 
tion at Cornell, representing the 
faculty. Miss Personius is head of 
the Department of Food and Nu- 
trition in the New York State Col- 
lege of Home Economics at Cornell, 
is coordinator of research in the 
college, and is also assistant direc- 
tor of the Agricultural Experiment 
Station at the University. At Cor- 
neil she has served on the Com- 
mittee on University Policy and on 
the Board of Editors of the Cornell 
University Press. 


A Department of Food Process- 
ing and Utilization in the Uni- 
versity of Hawaii was authorized 
by action of the 1959 territorial 
legislature—t he 
last session as a 
U. 8. Territory. 
Funds for the 
department are 
provided in the 
University bud- 
get, thereby 
opening several 
new positions. 
One of these, 

Dr. B. Rows that of Food 
Technologist in the Hawaii Agri- 
cultural Experiment Stations, has 
been accepted by Dr. Edward Ross. 
Dr. Morton M. Rosenberg, Experi- 
ment Station director, has desig- 
nated Dr. Ross as head of the new 
department. Dr. Ross, formerly 
Horticulturist and Professor of 
Horticulture, the State College of 
Washington, and in charge of the 
fruit and vegetable processing 
program for 12 years there, will 
assume his new duties in Hawaii 
on August 15, 1959. The staff of 
the new department in Hawaii will 
pursue an active program of basic 
research in food science related to 
the utilization of tropical produce, 
both plant and animal. As soon as 
a strong research and development 
program is under way, Dr. Ross 
anticipates the initiation of a teach- 
ing program in food science and 
utilization. He looks for rapid 
progress at the University in the 
field of tropical agriculture and 
increased world interest in the 
utilization of native foods of trop- 
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ical areas. In May 1960 the IFT 
will hold in Hawaii a major con- 
ference on tropical fruits. Em- 
phasis on basic research has been 
indicated for the new depart- 
ment by Director Rosenberg. This 
will likely be the pattern of 
emphasis at the University under 
the administration of the new 
president, Dr. Laurence Snyder, 
scientist and educator, and past 
president of the AAAS. 


T he appoint- 
ment of Prescott 
R. Lloyd as as- 
sistant to the 
vice-president in 
charge of pro- 
duction of Pa- 
cific Hawaiian 
Products Com- 
pany, manufac- 
turers of Hawai- 
ian Puneh, was 
announced today by Reuben P. 
Hughes, president. Mr. Lloyd was 
formerly technical sales consultant, 
California & Hawaiian Sugar Re- 
fining Corporation, Ltd. and before 
that acting manager food tech- 
nology division of Stanford Re- 
search Institute. Previously he was 
associated with Libby, MeNeill & 
Libby, National Canners Associa- 
tion and H. J. Heinz Corporation. 


P. R. Lloyd 


In attendance 
at the Interna- 
tional Congress 
held in Grasse, 
France, July 22- 
25, was Ira B. 
Kapp, Technical 
Director of the 
Felton Chemical 
Co., Brooklyn. 
Accompanied by 
Mr. Leon Gefen, 
of the company’s Versailles branch, 
Mr. Kapp will review the meeting’s 
major discussion points on his 
return. Perfume and essential oil 
producers attend the Congress on 
special invitation. 


I. B. Kapp 
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FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 


Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, Ill. 


FOOD TECHNOLOGIST, OR 
CHEMICAL ENGINEER 


TO 8,000 YEAR 


College grad, min. 3-4 yrs. industrial 
exp., for Product Development in me- 
dium-sized N.Y. Research & Develop 
ment Laboratory. Send resumé of ed- 
ucation, exp., refs.. BOX FT 466, 125 
W. 41 St., New York. 


LaWALL & HARRISSON 


LABORATORY 
SERVICES for the 
FOOD & DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies, 
Chemical 


SEEKING: Quality Control/Research 
Administrative Position—Strong organ- 
ization and programming background; 
experienced in preparation of specifica- 
tions and standards for foods, vendor 
specifications, and sampling plans; sani- 
tation; in-process operational studies. 
Presently oe. REPLY BOX 706, 
Institute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 


WANTED 
ADVERTISING MANAGER and 
space selling for small technical book 
—must know makeup and production. 
Some Chemical or Chemical Engineer- 
ing background very helpful. Ex- 
cellent opportunity for energetic 
young man. Chicago location. REPLY 
BOX 712, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 
3, Tl. 


WANTED: Chemist and Food Tech- 
nologist to head Research and Develop- 
ment Department of wheat flour mill 
with plans to expand in other cereal 
and allied products using as much as 
possible locally produced materials. 
Apply giving full details of family, 
education, academic background, expe- 
rience and salary desired to BOX 705, 
Institute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 


AVAILABLE: Food Technologist 
with M.S. degree in Microbiology and 
Chemistry. xtensive experience in 
quality control, research and produc- 
tion. Desires management position 
with progressive company in product 
development, technical service, or pro- 
duction. REPLY BOX 711, Institute 
of Food Technologist, 176 W. Adams 
St., Chicago 3, Ill. 


POSITION WANTED: Tech. Sales/ 
Mkt. Development. B.S., 13 years 
Sales, Market Development, Market 
Research and Sales Administration ex- 
perience. Good knowledge food field 
plus drug, cosmetic, detergent, chem- 
ical specialties and related industries. 
Interested responsible position utiliz- 
ing this background. Employed, avail- 
able reasonable notice. REPLY BOX 
694, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, II. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P.O Box 2217, Madison | i 


WANTED: Man with B.S. or MS. 
with good background in Organic 
Chemistry and Food Technology for 
work in flavor chemistry, flavor com- 
pounding and development. Salary 
dependent on qualifications. REPLY 
BOX 707, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 
3, Ill. 


AVAILABLE: Food Technologist with 
extensive experience in Quality Control 
and Product Development of salad dress- 
ing products, fruits, vegetables, dog 
food, citrus beverages, and sausage 
products. REPLY BOX 708, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 
SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Lewis 8, Mo. JE. 1-5922 


ARE YOU A GOURMET? 


Imaginative and also a Food Tech- 
nologist, or chemist or pharmacist? 
If so, you may be interested in a 
career, requiring both a discriminating 
palate and a scientific mind, with a 
leading flavor-specialty house. Work 
involves the application of flavors in 
food products and beverages, organ- 
oleptic quality control and the develop- 
ment of new flavors. 

Modern labs, young staff, pleasant 
living conditions in a small city 1% 
hours from NYC. Please send full de- 
tails including salary requirements to: 

Technical Director 
Polak’s Frutal Works, Inc. 
Middletown, New York 


Technical Sales Representative—Cover 
midwestern states for prominent manu- 
facturer, industrial germicides, disin- 
fectants. Knowledge bacteriology es- 
sential. Headquarter Chicago vicinity. 
Salary, expenses, car. REPLY BOX 
709, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 


Enzyme Preparations from Calf, Kid Goat and 
Lamb anima! glandular sources. 


al #an enzyme modified 
for rich, distinctive 

flavor development in milk chocolate and other 


chocolate products. 
Write for samples and literature 


RYLAND FOOD LABORATORIES, INC. 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leadi laboratory and technical service 
to the food and beverage industries. 
We offer thor , expert advice on food 
problems of all types, analyses, flovor 
evaluations, product development, and le- 
ga! testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our 

SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1100 Cable: Swoknip 


FOOD TECHNOLOGIST 


Excellent opportunity for recent B.S. 
or M.S. graduate to join a top firm in 
fast growing plastic packaging field. 
Assignments include laboratory and 
field development of new uses for com- 
pany’s products in food industry. Me- 
chanical aptitude helpful. Some travel- 
ing required. Plant located in rapidly 
growing metropolitan area of Green- 
ville, South Carolina. Excellent year- 
round climate. REPLY BOX 710, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, Ill. 
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bread? You bet! 


and with 


PFIZER L-LYSINE 


it’s the most nourishing bread in history 


@ More and more, today’s nutrition- 
minded housewife is looking for high 
quality protein in the bread she buys. 
Now with Pfizer t-Lysine, the super 
protein factor, you can offer a prod- 
uct that meets her high quality pro- 
tein requirements...a product with 
more powerful promotional opportu- 
nities than you have ever had before. 
When you add Pfizer t-Lysine to your 
specialty nutritional bread, the protein 
value of that bread is raised to a level 
closely approximating high quality 


animal protein. In addition, adding 

the pure amino acid Pfizer L-Lysine, 

does not affect the taste and texture 

of your bread, as may be the case with 

other types of protein supplements. 
Your specialty nutrition loaf, when 
rotein-balanced by the addition of 
fizer L-Lysine has these important 

advantages: 

1. It is a self-sufficient source of 
protein. 

2. The protein has double the muscle 
tissue building power of the pro- 


Chas. Pfizer & Co., Inc. 
Chemical Sales Division 
630 Flushing Ave., Brooklyn 6, N.Y. 


Branch Offices: Clifton, N. J.; Chicago, tl.; 
San Francisco, Calif.; Vernon, Calif.; 
Atlanta, Ga.; Dallas, Tex.; Montreal, Canada § 


tein in breads not balanced with 
L-Lysine. 

3. Three and one-half slices of protein 
bread fortified with L-Lysine are 
equal in protein value to a whole 


egg. 
4. It helps build healthier appetites 
for children. 

Capitalize on this important “Fam- 
ily health bonus”—it means increased 
nutritional value to today’s health- 
conscious homemaker...and more 
sales to you. 


Natural as Nature's, 
Norda Imitation 
Cocoa Bean Oil 


CUT YOUR COSTS 
KEEP YOUR CUSTOMERS 


Norda 


IMITATION COCOA BEAN OIL 


SAVE! SUBSTITUTE! NEVER SACRIFICE! 
Rich, real- tasting Chocolate-Cocoa Flavor and Aroma 


Now, frem Norda— Same intense aroma, fine flavor, delicate taste 
that distinguishes fresh-roasted Cocoa Beans 


From Norda, now-—-To give you exceptionally rich Chocolate and Cocoa effects in 
Pudding Mixes + Chocolate Syrups - Chocolate Coatings 
Starch-type Puddings - Cream Centers - Cream Cookie Fillings 


Now, from Norda— The money-saving booster flavor that enriches 
the taste of all Cocoa Bean products 


SAVE 
BE SURE 


601 West 26 Street, New York 1, N. Y. 
Flavor It With a Favorite 


Chicago + Los Angeles « San Francisco + Toronto + Montreal - Havana + London - Paris + Grasse + MexicoCity 
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